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SECTION I

INTRODUCTION

Significant progress has been made in recent years in the synthesis and development of
new polymer materials, particularly organic polymers, which have specific qualities to satisfy
certain existing criteria of high performance in extreme service conditions. Some of the
properties which characterize high performance are high rigidity, high tensile strength,
thermo-oxidative stability and resistance against swelling, dissolution and chemical deterio-
ration (Reference 1). The low-density (light weight) characteristic of the high performance
organic polymers compares favorably with metallic materials, especially when reduction in

weight is essential to improvement in high-speed weapon systems and aircraft and spacecraft
construction.

Structure-property relationships developed over the years show that the incorporation of
aromatic nuclei in the polymer imparts thermal stability to the system. The presence of
aromatic-heterocyclic rings also contributes to the adhesive and cohesive qualities of the
polymer (Reference 2). Examples are found in the application of high-modulus, high-strength
aromatic polyamide fibers as reinforcing agents in elastomeric systems, such as radial tires,
and in hard and strong resins, such as those used for the construction of parts in spacecraft,
airplanes, automobiles and buildings. Polyimides, polybenzimidazoles, polyoxadiazoles and
polyquinoxalines are important not only in film and membrane technology, but also in
applications such as glass- and graphite-reinforced composites, molding compounds, solid
composite lubricants, thermally resistant coatings, and adhesives for titanium, steel, ceramics
and composites.

One approach to structural modification of high temperature polymers to improve pro-
ceusibility is to utilize reactive oligomers which have good solubility-fusibility and flow
properties. Heterocyclic oligomers, namely the quinoxaline ATQ oligomers (Reference 3) and
imide oligomers (References 4, 5) containing terminal acetylene groups, can homopolymerize
by both inter- and intramolecular addition reactions to fused aromatic ring systems which are
thermo-oxidatively stable. The thermally-induced acetylene reaction during cure affords
resins that have excellent thermal stability. Most importantly, no evolution of volatiles occurs
during cure. Studies directed to resolving the mechanistic aspects of the cure reaction were
undertaken (References 4, 6, 7, 8, 9).

1



Processing of a thermoplastic material (e.g., polyphenylquinoxaline resin) as a fiber-
reinforced composite requires high temperature in both consolidation and thermoforming so
that adequate flow and wetting of the fibers can be achieved. The introduction of a structural-
ly compatible plasticizer aims at the reduction of the required high temperatures for fabrica-
tion. The ideal plasticizer must lower the effective softening point of the thermoplastic resin
during processing and then undergo polymerization or inter- and intramolecular reactions
without the generation of volatiles to produce a high temperature resistant network or filler
structure imbedded in the thermoplastic (Reference 10).

In general, thermoplastics having a softening temperature around 200°C or below can
have easier flow and processibility. However, it is obvious that the resultant composites will
soften and lose their mechanical strength at temperatures approaching the softening point. In
order to raise the softening point of the polymer after fabrication, a thermal curing process is
required to bring about intermolecular crosslinking. Employing a certain percentage of a

)trifunctional monomer in the polymer synthesis will afford pre-disposed crosslinking sites
along the polymer backbone. Complications often arise in branching and gelation during

*synthesis or storage of prepolymer solutions (Reference 2). Other crosslinking methods, e.g.,
free radical formation and recombination along the polymer backbone by radiation or free-
radical initiation and chemical reaction of incorporated pendent groups, often result in the
evolution of volatiles, creating voids in the composite structure. The three-dimensional
network formed after crosslinking causes brittleness in the structure. Furthermore, the
softening temperature of the polymer can be raised only as high as the temperature used for
the curing process. The cure temperature thus dictates the ultimate use temperature for the

composite structure.
The development of the intramolecular cyclization (IMC) cure method effectively elimi-

nates the restriction of translational molecular mobility needed for crosslinking cure. Thus,
the thermal cure step, which causes pairs of strategically positioned pendent groups along the

*polymer chain to undergo an intramolecular cycloaddition to form a fused aromatic structure,
can continue to completion long after the resin is essentially vitrified. The ultimate use
temperature would be substantially higher than the cure temperature. The intramolecular
nature of the curing process precludes the formation of a three-dimensional structure. Since
the reaction used for the curing process is of the cycloaddition type, no volatiles are evolved.
The thermal cycloaddition reaction of 2,2'-bis(phenylethynyl)biphenyl (References 11, 12)
has been successfully adopted for the IMC cure studies.

2
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In the case of the prepolymer polyphenoxyphenylquinoxaline (PPQ) 1, a 120°C advance-

ment in Tg could be obtained in the cured polymer 2 after an overnight cure at 245°C
(References 13, 14). The polyimide prepolymer 3 containing the hexafluoroisopropylidene
group has the lowest Tg of all the polyimides studied (References 15, 16). Thermal curing
studies of 3 again showed a substantial enhancement in the Tg value with the formation of
the cured polymer 4.
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An alternative approach to incorporate the 2,2'-bis(phenylethynyl)biphenyl units into the
polymer backbone of polyaromatic ether-keto-sulfones appeared to be unsatisfactory (Refer-

ence 17). Treatment of the preformed polymer 5 with copper[II phenylacetylide afforded a
* product with a poor analysis for the bis(phenylethynyl) derivative. The incomplete reaction

was probably the result of inhomogeneity in the phenylethynylation reaction medium.
Attempts were made to improve phenylethynylation of these polymers (References 18, 19, 20,
21).

I(5)

High molecular weight thermoplastic polymers including the IMC polymer 3 suffer from
inadequate flow during fabrication prior to cure. Recent AFWAL research effort (work done
at the Polymer Branch) directed toward solving the flow problem has culminated in the
development of an acetylene-terminated quinoxaline 6, which exhibited a low melt-flow
temperature of 1070C and an exotherm above 150*C corresponding to crosslinking reaction at
the terminal acetylene groups and intramolecular cyclization reaction of the phenylethynyl
pendants (Reference 22). Adequate flow was achieved by virtue of the large "window"

between the melting and curing temperatures.
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It was postulated that a diaryl enyne unit when incorporated into a high molecular weight

polymer would undergo a thermal intramolecular cyclization reaction to generate a new

aromatic nucleus (Reference 23). Such a cyclization would raise the Tg of the polymer. The

j  polysulfone 7 (a = 100%, b = 0%) and its copolymers (a = 10% to 50%, b - 50% to 90%) have
been synthesized. Curing of 7 at 2500C yielded an insoluble, dark, very brittle material,

indicating that interchain crosslinking, instead of the desirable intramolecular cyclization,

had occurred.

H 00 O(0o-( O 0 <--,
00

(7)

The concept of intramolecular cyclization (IMC) cure for the advancement of Tg has thus

far been demonstrated only with the thermal conversion of 2,2'-bis(phenylethynyl)biphenyl

to 9-phenyldibenz[a,clanthracene. It would be advantageous and desirable to be able to

extend the IMC concept to other chemical systems. Several structural requirements for the

potential IMC systems are important. First, the expected IMC reaction must be thermally

induced and should not liberate gaseous by-products. Second, the end product of the thermal

IMC reaction should be a fused aromatic ring system and/or contain trivalent nitrogens for

high thermo-oxidative stability. Third, terminal phenyl rings should be present to allow
functionalization. Fourth, the structural unit that undergoes the IMC reaction should be as

flexible as possible so that it may contribute to the lowering of the Tg of the pre-cure

polymer, an important objective in the improvement of processibility.

.4
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SECTION II

RESULTS AND DISCUSSION

1. TASK I: SYSTEMATIC STUDIES IN MONOMER SYNTHESIS

The state-of-the-art IMC system is the thermal cyclization reaction of 2,2'-bis(phenyl-
ethynyl)biphenyl (References 11, 12) which has been successfully adopted in the studies of
several quinoxaline (References 13, 14) and imide polymers (References 15, 16, 17). The
synthesis of thermoplastic and thermosetting quinoxalines requires 2,2-bis(phenylethynyl)-
4,4',5,5'-tetraaminobiphenyl Q) as the precursor, whereas the synthesis of imides requires
2,2'-bis(phenylethynyl)-5,5'-diaminobiphenyl 93

H*N NHt

0 0 L(6) R -NH 2

C C (W R-H
III III A
C C
0

Procedures for the synthesis of 8 and 9 have been successfully established at the AFWAL
laboratories (References 2, 15, 17). Task I of the current research program was to develop low-
cost alternative(s) for the synthesis of 8 in view of the fact that the AFWAL procedure
(Scheme 1) is quite laborious and low of yield.

7



Scheme 1

No,

E 2. NH4OH

O,N NO,

ActO Ac NH NHAc HNO - AeNH NHAc

HAM,

HtN NH, PhCECCu FeSO4 . -(L>-
C,HN OH

II C C

HI HIC C
I I
Ph Ph

I6)

Inasmuch as we recognize the significance of the key intermediate 8, we propose several
alternative low-cost routes to its attainment. Factors under consideration are the yield of each
step of the procedure, the low-cost availability of starting materials, and the ease of the

overall operation.
One method we originally proposed involves commercially available 3,3'-diaminobenz-

. idine LO (via the Upjohn method) which can be tosylated to yield the tetratosylamide 1L. The
tosylamido groups subsequently dictate regiospecific para-bromination (Reference 24) to give

]L2, which can be phenylethynylated by some organometallic procedure. Two organopalla-
dium systems are generally available for the coupling between an aryl halide and phenyl-
acetylene (References 25, 26, 27), both being superior to an earlier copper[I] phenylacetylide
method (References 28, 29, 30) in terms of simpler operational procedure and higher yields.
The application of the organopalladium methods to L2 and other similar 2,2'-dihalo biphenyls

was found to be complicated by an anomalous reaction (vide infra). The copper[I] phenyl-
acetylide method should be used. Subsequent removal of the tosyl groups from the phenyl-

ethynylated product generates the desired compound 8 (Scheme 2). This approach was
studied by an in-house effort at the AFWAL Polymer Branch.

8
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Scheme 2

HN NHT TSNHJ . NHTs
TasCI N 2  N1 )NT

H 2 N CSHs N  T

(10) (11)

"* TsN_ H3N NH

or, TsNH.. ,) HTs *CrECH H+
cat.

SBr C C(12) In III
in HI112) C C

*0

(8)

Biaryl Coupling Reactions

We consider the biaryl coupling reaction the most efficient approach to the synthesis of 8,

as long as the aryl compound can be easily constructed.

0
.43C8NH H2 CNH NHCOCH H2 NH NHCOCH8

SHCCM -NH NHCOCH- N NHCOCH,

x 6, XX6H C C

x -Br. I C

P Ph

Biaryl formation through the coupling of aryl halides in the presence of copper metal, i.e.,

the Ullmann reaction (References 31, 32, 33, 34), generally requires high temperatures.

Moderation of the reaction temperatures can be brought about by special preparations of

activated copper (References 35, 36, 37, 38). Alternatively, copperill t-butoxide has been found

to effect Ullmann-type biaryl coupling (Reference 39).

• .9



Preformed organometallic intermediates, for example, arylmagnesium halides (References
40-46) or aryllithium reagents (References 47, 48) can be converted to biaryls in the presence
of any of a variety of metallic reagents or an organic promotor such as 1,4-dichloro-2-butyne
(Reference 46). Recently, the reactions of aryl sulfides with arylmagnesium bromides, mediat-
ed by the catalytic action of dichlorobis(triphenylphosphine)nickel[II], have been shown to
yield biaryls (Reference 49).

moo M0I Ph Ph

S-1o-5C"(Reference 
45)

70%

R MBr CICHCECCHCI R R (Reference 46)

&~-SCH 3 + HC-<$ mg-. LIMC12 -a3 H

L = P02 74% (Reference 49)

The palladium[0]-catalyzed arylation of 4-iodotoluene with 2-(dimethylamino)phenyllith-
ium gives the biaryl product in 90% yield (Reference 50). In a key step in the synthesis of jun-
cusol, the substituted biaryl compound was prepared via the coupling reaction of the cuprate
intermediate with the appropriate aryl iodide (Reference 51).

HICI + LI Pd~ HI

Me M.,N (Reference 50)
(90%)

., I OM LICu OM

CCH
RN* RN UORCM

RN

(Reference 51)

10



Arylboranes give good yields of biaryls in the presence of alkaline silver nitrate (Refer-
ence 52). As the arylboranes are prepared from aryl halides, magnesium and diborane,
functional groups that are sensitive to the Grignard conditions cannot be tolerated.

2 ArX Mg AgNO - Ar-Ar (Reference 52)
BH 3/THF MeOH, KOH

Zero-valent organonickel complexes react stoichiometrically with aryl halides providing a
novel entry in the synthesis of biaryls (References 53, 54). The yields are generally high and
sensitive functional groups such as ketone, aldehyde, ester and nitrile survive the mild
reaction conditions. However, ortho substituents, nitro groups and acidic functional groups
inhibit the coupling reaction, and zero-valent nickel complexes require special manipulation
under inert atmosphere in a dry box.

2 ArX + Ni(COD)2 DMF, 25-400 C Ar-Ar + NiX 2  + 2 COD

In situ generation of a solvated zero-valent nickel reagent from dichlorobis(triphenyl-
phosphine)nickel[II] was effected with zinc in the presence of triphenylphosphine. Tris(tri-

phenylphosphine)nickel[O thus formed causes biaryl coupling of aryl halides in good-to-
excellent yields (Reference 55).

2 ArX Ni(PPh3)3 M Ar-Ar + NiX2  + 3 PPh 3DMF, 50 0C

An alternative in situ generation of nickel[O] was carried out electrochemically at 600C in
a divided cell containing dichlorobis(triphenylphosphine)nickel[II], triphenylphosphine and

, tetra-n-butylammonium bromide in dimethylformamide with a lead plate as cathode and a
platinum plate as anode (Reference 56). Catalytically, nickel[O] effects biaryl formation from
aryl halides (Br, I) in the presence of excess zinc powder. The presence of triphenylphosphine
ligands is not absolutely required (References 57, 58).

Palladium on charcoal has also been shown to catalyze biaryl formation from aryl halides
*in the presence of selected surfactants, e.g., cetyltrimethylammonium bromide, in an aqueous

alkaline sodium formate medium (Reference 59).

surfactant, Pd-C"2 ArX 0-0- Ar-Ar
H20;NaOH-HCOONa, 95°C

"11



The significance of arylmercurials in organic synthesis has recently been enhanced by the

ease with which these compounds are obtained through direct electrophilic aromatic mercur-

tion (Reference 59). Previously, the dimerization of diarylmercury and arylmercurials at

elevated temperatures in the presence or absence of palladium salts and other transition

metals was found to give low yields of biaryls (References 60, 61, 62, 63, 64, 65). More recent

developments showed that arylmercurials can be converted to biaryls in good yield and

under mild conditions by treatment with copper metal and a catalytic amount of palladium

". chloride in pyridine (Reference 66). Amine and amide functions are compatible with the
* reaction conditions but phenols and carboxylic acids fail to react. The best organomercury

method (based on simplicity in operation and mild conditions) appears to be the rhodium[II-

catalyzed dimerization of arylmercurials (Reference 67).

-;'PdC 2 (eeec 6
2 ArHgX + Cu0  dI Ar-Ar + 2 Hg ° + CuX2  (Reference 66)

CsH 5N,115°C

2 HcC 1 + HgCI1 + Hg9
ua, HWA, ef°C

(Reference 67)

All the above methods for biaryl formation require halogen-substituted aromatics as
starting materials and the halogens are eventually lost. A direct and regiospecific coupling of

the aromatics is of great interest. Bis(aryl)tellurium dichlorides are readily available and can

be converted with degassed Raney nickel to give the corresponding biaryls (Reference 68). In
lieu of Raney nickel, which must be prepared by a tedious procedure, palladiumlII] dichloride

was later used to arrive at the same end results (Reference 69).

NO2

,aM.

-*i Thallium[III] trifluoroacetate in trifluoroacetic acid was found to be extremely efficient in
promoting direct oxidative coupling of a variety of substituted aryl halides to symmetrical
biaryls (Reference 70). In the past decade, most of the work on organothallium chemistry has

been carried out by McKillop and Taylor and coworkers, who are primarily responsible for

the application of various thallium[III] reagents in organic synthesis (References 71, 72, 73,
74). In particular, enhancement of the electrophilic properties of thallium[III] trifluoroacetate

(TTFA) relative to thallium[III] acetate, together with its ease of synthesis, makes it a

12
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convenient reactive thallation reagent. The products of thallation, arylthallium bis(trifluoro-

acetates), undergo a variety of substitution reactions yielding, for example, aryl iodides

(References 75, 76), aryl fluorides (Reference 77), aryl nitriles (Reference 78), thiophenols
(Reference 71), and phenols (Reference 78).

The reactivity of TTFA as an oxidizing agent was exemplified by the conversion of
phenols into para-quinones (References 79, 80). Oxidative non-phenolic coupling of aromatic

compounds promoted by TTFA also provides a valuable access to natural products otherwise

difficult to synthesize (References 81, 82). The facile oxidative coupling of aryl halides by
TTFA to give symmetrical biaryls (Reference 70) presumably takes place via a radical cation
mechanism (Reference 83). Both oxygen and halogen functions on the aromatic substrates can

be tolerated.
The high-yield conversion of 4-bromoveratrole to 2,2'-dibromo-4,4',5,5'-tetramethoxybi-

phenyl by TTFA prompted us to investigate, as our initial direction in Task I, the thallium

. route for the conversion of 1,2-diacetamido-4-bromobenzene (L3) to 2,2'-dibromo-4,4',5,5'-
tetraacetamidobiphenyl (L4) which is the logical precursor to our target compound,8.

o.o MM
-.Oll TTFA

Br Br Br
(%)

(Reference 70)

NHAc NHAc NHAc NHAC

_-NHAC a NHAc TO'4 AeNH 0 0YNHAc

AOH ?

- H Or
(15) (13) (14)

Organothallium Chemistry of Aromatic Amides: Oxidative Intramolecular Cyclization

Compound L was synthesized and characterized (References 84, 85). Bromination of L5
was effected in acetic acid at 10-15°C. The product contained ca. 9% of dibromo material as

determined by mass spectrometry and elemental analysis. This result was similarly observed
at AFWAL. The monobromo derivative L3 was purified by repetitive recrystallizations.
Although it has an attractive analogy in the reported conversion of 4-bromoveratrole to 2,2'-

* dibromo-4,4',5,5'-tetramethoxybiphenyl (Reference 70), the organothallium chemistry of aro-
matic amides is not known. Instead of biaryl coupling, compound 3 underwent mono

nuclear oxidation in the presence of TTFA to yield 4-acetamido-6-bromo-2-methylbenz-
oxazole (L6, 24%) and 2-acetamido-5-bromo-l,4-benzoquinone (L7, 3%) (Reference 86).
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In a typical reaction, TTFA (7.5 mmoles) was weighed out under argon and dissolved in
35 ml of trifluoroacetic acid. The solution was then quickly added to 15 mmoles of Q3 under
argon. The red-brown reaction mixture was stirred and heated at reflux (73°C) for 2 hours in
the dark. After aqueous workup and solvent removal, the solid residue was extracted with
ether to separate the soluble products from the insoluble, unreacted starting material. The
impure solid mass obtained from the ethereal solution was then purified by silica gel column
chromatography to give first pure 17 in the chloroform eluate and then pure L6 in the I : 1
chloroform-ether eluate. No reaction occurred when the reactant mixture was stirred for 2
hours at 20-250 C. Extension of the reflux period to 24 hours did not increase the yield of pro-
ducts. When double the theoretical amount of TTFA was used, the yields were not increased,
but there was a larger amount of highly colored impurities. Washing the chloroform extracts
with saturated aqueous sodium bicarbonate was absolutely necessary, for no pure product was
isolated when this washing was omitted.

Structure elucidation for compound L6 (white crystalline solid, mp 160.5-162*C) and
compound L7 (lustrous golden platelets, mp 186 0C) was accomplished by IR, MS, NMR and
elemental analysis.

*: The poor material balance (>70% of the organics could not be retrieved from the aqueous
solution even after repetitive extractions with chloroform) was probably due to strong
complexation of the acetamido groups with TTFA. Tosylation (instead of acetylation) of the
amine functions on 4-bromo-1,2-diaminobenzene was expected to suppress the complexation
with thallium on both steric and electronic grounds. Consequently, 1,2-bis(4-tolylsulfon-
amido)-4-bromobenzene was synthesized and allowed to react with TTFA.

The crystalline product (mp 215-216°C) gave a positive Beilstein test and was identified as
7-bromo-2-(4-tolyl)-4-(4-tolyl)sulfonamido-1,2,3-benzoxathiazole 2-oxide (L8) (70% yield) by
IR, MS, NMR and elemental analysis.

Carbon-13 NMR spectral characteristics for compounds L6, L7 and L8 are consistent with
the assigned structures. The chemical shift values are downfield from TMS internal standard.
The solvent used for L6 and 17 was deuteriochloroform, and for L8, DMSO-d. These results
are first examples of an oxidative intramolecular cyclization pathway (Reference 87) of
aromatic amides in the presence of TTFA.

129.73
128.20 1 31.15

168.46 136.67\
138.46 18037 169.19 20.93

j7'28 143.77 \aY~
".0C 0 Ii _,NHSO _ 2

CHO~l'II M 126.83 0

08.9 14.41 \ o\ 124.96 r.
,. '" 117.11 114.11 179.64 117.46 152.91 04

(16) (17) (8
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The Organotellurium Approach

An alternative approach utilizing organotellurium reagents (References 68, 69) was briefly

examined. Thus, 1,2-diacetamidobenzene was allowed to react with tellurium [IV] chloride in
deaerated diglyme at 165*C. The product isolated at the end of the experiment gave an
infrared spectrum that was devoid of the carbonyl absorption, suggesting decarbonylation of

the acetamido groups in the starting material. This product was not characterized.

" NHCOCH, 10C¢

KANHCOCK dilml T46 i

RIt = NHCOCH,

The Organomercury Approach

Mercuration of 2-nitroaniline with mercury[IlI acetate afforded bright yellow 3-nitro-4-
aminophenylmercury[II] acetate (L9) in excellent yields. The transformation can be carried
out in one pot, although the intermediate bright orange-red oxy complex 2,0 is isolable with
ease (References 88, 89).

" N NH
, H C(OA.) .- o HOAc(89

HgIOAe (89%J)

(20) (19)

The aryl mercurial 9 was converted to 3,3'-dinitro-4,4'-diaminobiphenyl (Q1) by treatment

* with copper metal and a catalytic amount of palladium[Ill chloride in pyridine (Reference 65).
A chemi-al reduction of ?I gave 3,3"-diaminobenzidine, DAB, (7.). Concurrent AFWAL effort

. established tale feasibility of tetratoluenesulfonation of ?2 and the subsequent bromination to
*i give L2 (Scheme 3) which led eventually to and 8.

.1

o ,1. . .

*** s *A . .4W 4, * * 4,,. . '.. *- - - - - - - -- . . . . . . . . . . . . . . . . . . .. . .. . . . . .. d .m,,m ,a, a . - .. , - .m..
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Scheme 3

CNPdd 2) :bad
C*~NN 115'°C N N t

(_ eN1) (21) (22)

.4.

To H NHTS irIH NH,

-alH T. - TaNH H WNH,

(12) c c c c

Ph Ph Ph Ph
(23) (3)

Our synthesis of DAB (,2) requires inexpensive starting materials. The operational steps

are quite simple and will not present tedious manipulation in scale-up processes. The

isomeric purity of the end product is expected to be high. The latter criterion is of utmost

importance in the synthesis of high molecular weight polymers. Commercial DAB is expen-

" sive in small quantities. From a European source, the DAB is not isomerically pure. Alternati-

vely, DAB can be obtained from an aminolysis procedure applied to the highly carcinogenic

precursor 3,3'-dichlorobenzidine, produced by the Upjohn Company (Michigan).

*"An alternate approach to the synthesis of an analog (4) of ,3 is conceivable (Scheme 4).

The steps leading to the mercurial 5 have literature precedents as high-yield reactions.

Furthermore the starting material, o-phenylenediamine, is inexpensive and these steps can be

effectively combined into a single operation. This approach has been the subject of an

AFWAL in-house project.

Scheme 4

Orc Or

N AC 0 U, (I)NHg (OAW A,~
H,.HOA¢ M'HOA@ EIOH, HOA¢ .. NNCOCH,',O N!NNCOCI 0 NH H

NHCOCN, NHCOCH, (l )

' (24)
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The Organolithium Approach

Still another biaryl coupling procedure seems applicable. Commercially available 1,2-
dibromobenzene was converted to 2,2'-dibromobiphenyl (Z§) in high yields (Reference 90).
Nitration of 76 at 100°C resulted in quantitative tetranitration but the product 7 does not
have the desired 4,4',5,5'-substitution pattern (Reference 91). The NMR coupling constant

measured for the aromatic protons is consistent with a meta relationship. Treatment of
compound ?7 with two equivalents of phenylacetylene in the presence of palladiumIll]
acetate and triphenylphosphine did not effect replacement of the bromine atoms by the
phenylethynyl groups. Virtually quantitative recovery of 77 was realized. The steric hin-

drance seems insurmountable for the replacement.

02N NO,

• ". ,,I Br Br
€, 128)

Br n-BuLl

8r THF, -780C

Br Br
(26)

02N Not

O,N Br Br NO,

(27)

The tetranitration reaction takes place in two steps. Under milder conditions (<250 C),
only dinitration occurs to yield the 5,5'-dinitro compound Z? (References 92, 93). The

introduction of the nitro functions at the 4,4'- positions can be accomplished after prior

reduction of the 5,5'- nitro groups in U and protection of the subsequent diamine. Such a
procedure bears a resemblance to the original AFWAL synthesis of 8 (vide supra).

It is evident that 2,2'-dibromo-5,5'-dinitrobiphenyl (28) is a logical precursor to 2,2'-
bis(phenylethynyl)-5,5'-diaminobiphenyl (9). Thus, a more efficient alternative synthesis of 9

is at hand to improve on the original AFWAL synthesis (Reference 15) which seems quite
laborious.

17
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Anomaly in Palladium-Catalyzed Phenylethynylation of 2,2'-Dihalobiphenyls

We succeeded in optimizing the reaction conditions so that crystalline 2,2'-dibromo-5,5'-

*dinitrobiphenyl (8) can be consistently isolated in better than 65% yield. The state-of-the-art
phenylethynylation procedure is the palladium-catalyzed coupling reaction between an aryl

halide (Br, I) and phenylacetylene.
The palladium-catalyzed coupling reaction (Reference 25) between an aryl halide and a

*' terminal acetylene in the synthesis of aryl alkyl acetylenes (Reference 94), tolanes (References

, 95, 96) and heteroaryl acetylenes (References 97, 98) has received considerable attention in
recent years. In similar synthesis of acetylenic compounds, the alternative organo-copper
method (References 28, 29, 30, 99) is also widely accepted. These two approaches have been
shown to be superior to many tedious classical methods (Reference 100).

The catalytic nature of palladium-promoted phenylethynylation of aryl halides is attrac-

* tive. In principle, the presence of electron-withdrawing groups on the aryl halide facilitates
the reaction (Reference 25). Treatment of a mixture of 7.8 and two equivalents of phenylacety-
lene in a 1 : 3 triethylamine-toluene solvent at 100°C in the presence of a Ph3P/(Ph3P)2PdCI2/
Cu21 catalyst system (Reference 27) afforded a bright orange crystalline solid in 57% yield

after chromatographic purification. This compound (mp >300°C) was not the expected 2,2'-
bis(phenylethynyl)-5,5'-dinitrophenyl (9) (Reference 15). Infrared analysis showed a sharp
C-C absorption at 2175 cm-' and two intense nitro absorptions at 1515 and 1340 cm- '
Elemental analysis was consistent with CnH16N0 4j (Calculated: C, 75.67; H, 3.63; N, 6.30.
Found: C, 75.59; H, 3.69; N, 6.24). The available data supported structure 0b. The alternative
structure 0a was unambiguously ruled out by Carbon-13 and 250 MHz proton magnetic
resonance studies (vide infra).

ON NO2 OtN NO2

* OR
at - C

c 0 c

*I I I I

(20) (9)
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Under the catalysis of palladium acetate-tris(o-tolyl)phosphine (Reference 101) in 1: 4
triethylamine-toluene solvent, Z8 underwent phenylethynylation with two equivalents of
phenylacetylene to yield the same product Z0. In a comparative study at AFWAL, 4,4'-

$ bis(pbenylglyoxalyl)-2,2'-diiodobiphenyl (Z1) underwent phenylethynylation but did not
yield the expected derivative Z2 (Reference 102). The product is likely to have structure Z3_

Ph " = h, = Ph,=

PhC=ECH Ph
P (O t) , , PAr3  =RC -Ph Ph

1:1 NEt 3-CSHN ,75*C % C -

Ph" ph" P

(31) HC(32) (33)

2,2'-Dibromobiphenyl Q6) was allowed to react with phenylacetylene in the presence of
palladium acetate-tris(o-tolyl)phosphine in 1: 1 triethylamine-toluene for 24 hours at 90'C.
The conversion was incomplete, as indicated by a 40% yield of triethylamnine hydrobromide.
In comparison, 2,2'-diiodobiphenyl (4) (Reference 11) underwent palladium-catalyzed phe-

* nylethynylation to give a 78% yield of a bright yellow crystalline compound (Z) which was
isomeric with 2,2'-bis(phenylethynyl)biphenyl (Reference 11), expected from a normal dou-
ble phenylethynylation reaction.

Ph C=!CPh
Ph"'C C Ph

(35b) (35a)
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These results are in disagreement with the literature report (Reference 18) that the bis-
phenylethynylated compound 6 was obtained in 44% yield from 7, using the palladium
acetate-triphenylphosphine catalyst system.

PhO- 4O C-1N-1 >--1\OPh 2PPh32 Pd(OAc)t Pho_&i--Q ll

2PhC=-CH *NEt 3

Br Br
(37)

Ph
136)

Structure Elucidation Studies of Product from Anomalous Palladium-Catalyzed
Phenylethynylation

Based on carbon-13 and 250-MHz proton magnetic resonance spectrometry, the products
of the palladium-catalyzed double phenylethynylation of 2,2'-dibromo-5,5'-dinitrobiphenyl

(8) and 2,2'-diiodobiphenyl Q_4) have the fluorenyl structures Z.b and .5b, respectively,
rather than the phenanthrene structures 0a and 5a. Comparative spectra were also obtained
for 9-(phenylethynyl)phenanthrene (8) (Reference 103) and 9-(3-phenyl-2-propynylidene)-
fluorene (.9a) (Reference 104). Other 9-alkylidenefluorenes have been reported (Reference
105).

A a: RI'H.R2 - C-CPh
b: RI"- R2"= Ph
c: R 1 - R2 - CH3

d: R 1 " R2 CN
/ R, Re

Ph

(38) (39)

Well-defined splitting patterns for the fluorenyl ring protons were observed for com-

pounds 30b, 35b and Z9a in their 60-MHz proton NMR spectra. Proton NMR spectra at 250-
MHz were obtained for compounds Z0b and 5b for detailed NMR analysis (Tables 1 and 2).
Unambiguous assignment of chemical shifts to the respective fluorenyl protons was only
possible, however, with the d,0 analog of ZSb. In the synthesis of the d,(, analog, phenyl-dj-
acetylene (,0) was first prepared from bromobenzene-d5 (Reference 106). Reaction of

20
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phenyl-di-acetylene with 2,2'-diiodobiphenyl (Q4) in the presence of palladium acetate and

triphenylphosphine yielded the d,,, derivative of 35b. The 250-MHz proton NMR spectrum of
compound Sb-d,,, showed only the splitting pattern of the fluorenyl protons. The chemical

shift assignment was made on the basis of double resonance experiments (Table 1).

~ 1. HCCSiM 3 ,P Pd
ds 2. CH3 OH, K2 CO3  Pd-i.*

ds'

(40) DcCSCEc-C'Ds

(35a-d1 0 )

The fluorenylidene structure of 9-(3-phenyl-2-propynylidene)fluorene (z.b) was further

substantiated by an independent synthetic route starting with diethyl (fluoren-9-yl)phos-

phonate (Q1) which was prepared by the Michaelis-Arbusov reaction.

f~\/~\ P(OCH 2CH3)3  1. NaN
" 160Oc- 2. Ph~lC CPh '

H PS, 6'bC,CH, 0
COCHCHPh O- 0

IOCH'CO

(41) OCHCH,

(42)

Under the Emmons-Wadsworth conditions, the phosphonate anion of 41 underwent

conjugated addition with 1,3-diphenylpropynone to yield the yellow crystalline phosphate
ester 2 which was characterized by 250-MHz proton magnetic resonance spectrometry

(Table 2) and elemental analysis. On heating, 42 lost diethylphosphoric acid to give bright

yellow crystals, which were identified as 5b by NMR, IR, MS and melting point (115 ° -

116oC).
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0

A - II

.. A _____ + HO-P%-O CH 'C H,
+ HO OCNCH,

CHCH, Ph/A -c Ph

OCH'CH,

142

OW) (3b)

Mechanism of Formation of 9-(3-Phenyl-2-propynylidene)fluorene. The palladium-cata-
lyzed coupling reaction (Heck reaction) of aryl halides with phenylacetylene is well known
(References 25, 26, 94, 95, 101). Similarly, in the phenylethynylation reaction of 2,2'-diiodobi-
phenyl, the palladium[O] species generated in situ undergoes facile oxidative addition with
one of the two carbon-iodine bonds in 2,2'-diiodobiphenyl. The resulting arylpalladiumll]l
complex then undergoes nucleophilic attack by a phenylacetylide anion, which is formed
from phenylacetylene in the triethylamine solvent, giving complex 13.

* .: .b .1 C

*

Ln-Pd I c 147

, , I

PdLn

ooPd-I

(451L L PPh3

(~J L

Figure 1. Mechanism of Formation of 9-(3-Phenyl-2-propynylidene)fluorene.

24

.. .o-. .-. .. o....... . .......... . .. 4 .....



Through reductive elimination from complex 43, carbon-carbon bond formation takes

place with concomitant regeneration of palladiumI01, i.e., complex 4, which undergoes a

second facile oxidative addition with the nearby carbon-iodine bond to give complex 45.
Addition of the aryl palladium bond in complex 45 across the carbon-carbon triple bond
(Reference 107) is facilitated by the proximity of the reacting functions and also by the
formation of a thermodynamically favorable five-membered ring. The resulting (fluorenyli-

denebenzyl)palladium[IIJ complex 46 undergoes a straightforward sequence of nucleophilic
attack by a phenylacetylide anion and then reductive elimination to yield the final product,

i.e., compound 5b.
When 2,2'-diiodobiphenyl was treated with one equivalent of phenylacetylene in the

presence of palladium acetate, the isolated product mixture comprised only 40% 5b and 44%
unreacted starting material. The fact that no 2-iodo-2'-(phenylethynyl)biphenyl (47) (Refer-
ence 11) was detected indicated that the palladium[O] complex 44, generated from reductive
elimination of complex Q, underwent oxidative addition with the proximal carbon-iodine
bond faster than dissociation to yield 47.

The participation of complex 44 in the catalytic cycle was implicated by a separate
experiment in which,47 was allowed to react with one equivalent of phenylacetylene in the

. presence of a catalytic amount of tetrakis(triphenylphosphine)palladiumO (Reference 108) in
triethylamine. A virtually quantitative yield of the fluorenyl compound 5b was obtained.

The (fluorenylidenebenzyl)palladiumlllI complex 46 was synthesized by heating 47 and
tetrakis(triphenylphosphine)palladium[0] in triethylamine. Characterization of the air-stable

complex 6 was accomplished by 250-MHz proton magnetic resonance spectrometry (Table 2)
and elemental analysis. That complex 46 undergoes a reaction with phenylacetylene to yield

the fluorenylidene compound 5b clearly establishes the importance of complex 6 in the

palladium-catalyzed phenylethynylation reaction of 2,2'-diiodibiphenyl (4).

As expected, complex 46 also undergoes electrophilic cleavage with iodine, yielding the
iodo compound £8 (Table 2).

__"___12 PhC 9 CH
CH2C2 . 25C "  PPh 3 NEt3. 1000C

Ph Ph Pd Ph CM CPh

/ •

(4)Ph 3P (35b)
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. It is interesting to note that formation of the alkylidenefluorene skeleton, i.e., compounds
30b and Z5b, via palladium-catalyzed double phenylethynylation of 2,2'-dihalobiphenyl
suggests a facile method for attaining fluorenones and fluorenes with unusual substitution
patterns. For example, 3,6-dinitrofluorenone, which cannot be synthesized by conventional
nitration, can be obtained via an alkene oxidation reaction of the alkylidenefluorene, Ob.

* Nitration of 2,2'-Diiodobiphenyl

2,2'-Diiodo-5,5'-dinitrobiphenyl (49) underwent double phenylethynylation with a stoi-
chiometric amount of cuprous phenylacetylide to give a 52% yield of 9 (Reference 15). In our
hands, the yield was about 62%. A comparative experiment using 2,2'-dibromo-5,5'-dinitro-

biphenyl (8) yielded only 20.6% of 9 among tarry intractable materials. This striking
disparity in reactivity between the dibromo and the diiodo compounds necessitated the
transformation of 2,2'-dibromobiphenyl to 2,2'-diiodobiphenyl (4) (Reference 11) prior to
nitration en route to (49).

Although in the dinitration of 2,2"-dibromophenyl (Q6) in sulfuric acid at 0°C, the
dibromo compound 8 was obtained in 65% yield, the dinitration of 4 under the same

conditions (even at - 15'C) gave a solid which was amorphous and insoluble in all common
solvents. The mp observed was >2800 C and the infrared spectrum showed strong hydroxy

*, absorptions. We speculate that oxidation at the carbon-iodine bonds probably has taken place.

02 N NO2

HNO3

Br Br 165%) Brb O

(26) (23)

1.
C nC

O 0N NO2  I 0

O /(29)

434) EU9)
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To circumvent the apparent problem of oxidation-hydrolysis of the carbon-iodine bonds

of 34 during nitration in concentrated sulfuric acid, we examined the feasibility of nitration
in a mildly acidic-to-neutral medium. The nitronium salt approach offers an attractive
solution to the problem. Besides avoiding the use of a strong acid as reaction medium, this
method also allows precise determination of the stoichiometry of the nitrating agent. Thus,
nitronium tetrafluoroborate effectively nitrates 2-tolunitrile to yield 3,5-dinitrotolunitrile

without causing hydrolysis of the nitrile function (Reference 109). The commercial availabil-
ity of nitronium tetrafluoroborate (Aldrich) in sulfolane solution allowed us to examine this
possibility. 2,2'-Diiodobiphenyl (4) was allowed to react with nitronium tetrafluoroborate,
which was in 5% excess. Thin layer chromatography on silica gel showed that nitration

indeed took place, although not cleanly. Hydrolytic work-up turned out to be extremely
tedious and this method was abandoned.

Various other nitronium salts are known, for example, nitronium hexafluorosilicate (Ref-

erence 110), nitronium hexafluorophosphate (Reference 111) and nitronium trifluorometh-
anesulfonate(triflate) (References 112-117). It was shown that nitronium triflate (0) is the
most reactive reagent. Several preparative procedures have been reported.

r"neat 600C0
1. N 20s 4- (CF 3SO 2)20 n NO 2 CF3SO3 0  (100%) (Reference 112)

200C 2 hr.

2. N205 + (CF3SO 2)20 na - p (68%) (Reference 113)-20°C 20 hr.

' neat 25°C

3. NO 2CI + CFISO3H -eat -W 2C (100%) + HCI (Reference 114)
-78 0C overnight-

4. N203 + CF1SO 3H CICH2CH 2CI W 0 (97%) + HN03 (References 115, 116)
20-35 0C

neat or CH2CI25. HN0 3 + 2CFjSOjH 2C12 (100%) + H30 CF3 SO3
0  (Reference 117)

The procedures involving the preparation of dinitrogen pentoxide require the use of
ozone to prevent detonation hazards. In the synthesis using nitryl chloride, gaseous hydro-
gen chloride must be vented frequently from the reaction mixture to ensure completion of

the reaction. Procedure 5 thus appears to be the most convenient and suggests minimal
difficulty in scale-up. Two equivalents of triflic acid and one of anhydrous nitric acid react to
form a white, crystalline solid mixture of nitronium triflate (W) and hydronium triflate. 2,2'-

Diiodobiphenyl (4) was added to a dichloromethane suspension of the triflate mixture at

0°C. The mixture was stirred at 250 C for 2-4 hours before hydrolytic work-up. An 89% crude

yield of the nitration product was realized. The desired pure 2,2'-diiodo-5,5'-dinitrobiphenyl

,4 (9) was obtained by recrystallization.
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We favored an alternative procedure for the in situ generation of nitronium triflate.
Anhydrous nitric acid (obtained from distillation of fuming nitric acid from concentrated
sulfuric acid) was added to triflic anhydride in dichloromethane. No precipitate was formed.
The homogeneous yellow solution contained soluble nitronium triflate. The addition of 2,2'-
diiodobiphenyl as a dichloromethane solution at 25°C and subsequent work-up afforded a
64% yield of 9 after recrystallization. The mother liquor from the recrystallization contained
a mixture of 49 and its corresponding 3,5'-dinitro isomer. High performance liquid chroma-
tography and proton NMR spectrometry indicated that only these two isomers were formed.

HNO., + (CF:,S0 2)2 0 --- NOE CFSO:, + HOSO2CF,

ON NOt ON

+ NO 0 0 
+ - (m +2 2I I I II I NO,

Apparently, the isomer ratio was not affected by temperature variation. The experiments
performed .tt 250C, 0°C and -20°C afforded essentially the same yield for the desired isomer
49. Carrying out the experiment at -78°C resulted in no appreciable reaction after 2 days.

The nitro compound 49 was converted to 2,2'-bis(phenylethynyl)-5,5'-dinitrobiphenyl (9)
by the copper l] phenylacetylide method, giving a 62% yield. Hydrogenation of 9 (Reference
118) resulted in selective reduction of the nitro groups, thus completing the synthesis of 2,2'-

bis(phenylethynyl)-5,5'-diaminobiphenyl (V. The sequence is summarized in Scheme 5.

, Scheme 5

B12 -Du 1 . n-IoU
.asTHF 2. I2

7..-C }I I
(26) (34)

ON NOt N1"N NH'O OSO /\NhCC , NO,
N o _ _"_ _ C F \ %C I/-. H M -C

CH2 CNHN \/ - EtOH 25P
II C C C C(0) IEI I I

C C C CI"" I l I

0 0 0 0
(201 (9)
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2. TASK If: SYNTHESIS AND THERMAL REACTION OF NOVEL IMC SYSTEMS

Consideration of pertinent literature permits certain generalizations regarding linear

organic systems which would likely undergo thermal intramolecular cyclization (IMC) to

give highly fused aromatic and/or heteroaromatic structures. Polyenes and -ynes are promis-

ing candidates. Of paramount significance are the geometric dispositions of such unsaturated

systems, i.e., cis-trans isomerism and proximity of interacting unsaturation sites. More impor-
tantly, cyclization must not generate volatile by-products. The chemical systems surveyed can
be categorized according to the flow chart below. Systems in each category were evaluated for

their potential as IMC candidates.

'.i " IMC

CANDIDATES

HYDROCARBONS WINES

E Y E Y2 3 2 E 2Y

E2Y 2

EY = enynes; E2Y = dienynes; E2Y2 = diendiynes; E3Y2 = triendiynes

The EY Systems

The Straus and inverse-Straus coupling products have been postulated as intermediary
compounds in the thermal curing of acetylene-terminating quinoxalines (Reference 6). Some
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systems containing the Straus and inverse-Straus skeletons ( I) have been investigated. As

described above (see page 5), the incorporation of enyne units ( la) in polymer systems did

not bring about intramolecular cyclization during thermal cure. The investigation of 5lb has

thus far been discouraged by the difficulty of its isolation. The fact that a large proportion of

polymeric material was always obtained from reaction mixtures of 51b probably is indicative

of a low-energy polymerization pathway for .,b.

CH,

d R(51b)

R' @I1N

(' I I

(5dR -Ph. RH 50

It is interesting to note that the EY-imine systems .2 and 53 undergo intramolecular

cyclization reactions in polyphosphoric acid (References 119, 120).

PPA R

NC 0f 0I~
PhC d &0 Ph R

(52) Ph

,, 
R 0 --

P

Ph Ph
"NM- PPA

,v- - ,CUCPh -

(53) I
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Both .2 and 53 are very similar to 1,3-diphenylpropynone anil (Q.e) in structure. With the
expectation that le would undergo an analogous IMC reaction, we carried out the synthesis
of (.1e) and propiolophenone anil (Q4) (Scheme 6).

Scheme 6 cI 1 .EP

* NPII

CONHPh C
PhN 'CI

K 2 WO
:22

MONH

C C
PhN C-C-SiMe, PhN 'f C=C-H

(5 (

Our methods of synthesis for Uje and 4 have a common imidoyl chloride ( 5), which was
synthesized by treatment of benzanilide with phosphorus pentachloride (References 121,
122), and isolated by distillation in 90.1% yield (bp 120-125°C/0.1 torr; mp 40-40.5°C).
Conversion of 5 to .le (mp 60.5-61°C) was uneventful via the Heck phenylethynylation
procedure (Reference 25).

Compound .4 was synthesized via palladium-catalyzed ethynylation using ethynyltri-
methylsilane (Reference 106). Characterization of the new compounds 4 and 6 by IR, NMR,
MS and combustion analysis was complete (compound .4: mp 117-118°C; compound 5 6: bp
130-135°C/0.1 torr).

Differential scanning calorimetric (DSC) analysis of je indicated an intense melting
endotherm at 61°C and another broad but shallow endotherm at 265°C. There was no

reaction exotherm detectable. This observation was in agreement with the fact that heating a
sample of le at 210°C in diphenyl ether for 30 hours promoted no reaction. On the other
hand, the DSC curve of _4 showed a moderate exotherm at 197°C. But unfortunately, only
polymeric/oligomeric material was isolated from the thermal reaction of 4. Intramolecular
cyclization did not occur.
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The ,Y-Hydrocarbon Systems

The dienyne systems such as 7a and 7b can conceivably be incorporated in polymer

chains to contribute to their flexibility and thus better processibility (e.g., lowering of Tg).

The dangling effect of the branching group also results in added flexibility. Thermal treat-

ment of these dienyne units was expected to give terphenyl structures. literestingly, both

monomeric dienynes 7a and 57b could cyclize to the same quaterphenyl. Different modes of

difunctionalization on the terminal rings of the dienynes may lead to straight-chain or

angular type catenations during polymerization.

Both monomeric 7a and Z7b have been synthesized. They underwent extensive polymer-

ization upon heating either in hot tetralin or without solvent. No cyclization product was

detected (Reference 123). Thus intramolecular cyclization schemes involving hydrocarbon

dienyne type structures 7a and 7b are considered unlikely to succeed.

H

0
(57a) 0i:

@ 0 
0

(57b)

The Hetero-E2Y Systems

E2Y systems having one of the double bonds as part of an aromatic ring (Q8) are expected

to cyclize thermally into naphthalene-like structures. The ortho relationship of the two ends

of the E2Y system is tantamount to the cis configuration about a double bond.

SCH CHPh N CHPh XCHNPh

(58b) (58)
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We have established that both 58a (Reference 124) and 8c can be obtained from the same
aldehyde intermediate 9 (Reference 124), which follows from commercially available 2-
bromobenzaldehyde via the Heck phenylethynylation reaction. The alternative method
using the (Ph3P)2PdCI2/Cu2 I2 catalytic system (Reference 26) was found to be inefficient. The
stilbene compound 58a was conveniently prepared by the Wittig olefination reaction. An

alternative route involving the palladium-catalyzed coupling of 2-iodotolane and styrene is
conceivable (Reference 101) but was not attempted in this work.

CH:CHPh

PCcUc- C Ph

"Br Pd. NEt2

2-Aminotolane (0) (Reference 28) is a logical precursor to the imine 8b. Unfortunately, it
fails to react with benzaldehyde for reasons probably more electronic than steric, since .9
undergoes facile imine formation with aniline. The iodoimine 0j (Reference 125) was success-
fully prepared from commercially available 2-iodoaniline and converted to the desired E2Y-
imine 58b by the copper-promoted palladium-catalyzed phenylethynylation reaction (Refer-
ence 26). The purification of Sb was problematic owing to its instability toward silica gel,
alumina and Florisil column chromatography, benzaldehyde and 2-aminotolane (0) being
recovered as the products of hydrolysis of 8b. Cellulose must be used as the chromato-
graphic material.
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Although the hydrocarbon F2Y system &a failed to undergo cyclization reaction, each of

the E2Y-imines 8b and 8c yielded its corresponding isomer upon heating in hot tetralin.
The reaction products 02 and Q were assigned the indeno[1,2-blindole structures based on
their high melting points, elemental analysis, IR, NMR and MS characteristics.

N CHPh aH

(9 110#1decalt0

Ph
(58b) (2

Ph

"CHNPh H

4

(56.)(63)

Both (L and are higher melting than their respective starting materials 8b and 8c by
nearly 200*C. It is conceivable that the incorporation of units such as 38b and .58c in a resin
system can lead to significant lowering of the melting temperature by virtue of the flexible
skeleton imparted by these substituent groups. Thermal curing of the resin would be
expected to bring about a substantial enhancement in Tg due to the formation of rigid
heterocyclic ring structures (2 and ~.However, the reaction yields were low.
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The thermal reaction of 8c appears to be complex. While isomerization to 0-3 occurred in
decalin solvent, transformation to a dimeric structure took place when 8c was heated at
210.C in diphenyl ether. Mass spectrometric analysis established that the product was not
isomeric to 38c. The NMR spectrum showed only aromatic protons. The infrared spectrum,
the mass spectrometric fragmentation pattern and the high mp were supportive of a con-
densed ring system. The observed molecular ion at m/e 487 suggested a mass loss of 75 from a
dimeric product (expected MW 562) of 8c. We propose a tentative structure for the dimeric
product as follows:

LN

The low-yield thermal reactions that &b and cundergo render these compounds u attrac-
tive for potential application to IMC reactive polymers.

The E Y2-Hydrocarbon Systems

Structurally, the state-of-the-art bis(phenylethynyl)biphenyl system (04a) is a member of
the EY2 group which comprises compound (4 having the basic skeleton of cis, cis-octa-3,5-

dien-l,7-diyne.

ft2  RI t

-R,, R1 R,

C C
C I

Ph Ph

(64) a. RI+ R2 C4H4
b. R, =PhR 2 H

c. R, R 2 Ph

> CNIC-Ph M( C-PhCP

Rt Ph

produc as fllows

(4) RTH

(641) R -Ph
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Compound (d was synthesized by a Wittig reaction of 2-(phenylethynyl)benzaldehyde
(59) with the ylide from (3-phenyl-l,2-propadienyl)triphenylphosphonium bromide. Prelimi-
nary studies on compound trans-,4d revealed that heating in hot tetralin (150-200°C) under
nitrogen was not sufficient to promote trans to cis isomerization about the double bond so
that the phenylethynyl pendants could be brought into close proximity to each other. A 3%
yield of a highly crystalline material was obtained together with recovered starting material.
Infrared and mass spectra and the high mp of 192-193°C (compound &4d is an oil at room
temperature) of the product were consistent with a condensed aromatic structure, probably
the result of an inefficient IMC reaction.

( CHO PICH - C - CHPPh 3S C=C-Ph

n-BuLiCEC-Pt ' C=C-Ph
(60)(64 d)0

W (59) ()(%

We have also observed that compound 0e undergoes only cis-trans isomerization in
tetralin at reflux. The facile isomerization can be explained by a mechanism involving
thermally generated bisallenic diradicals (Reference 123). The failure of a structurally similar
system (Reference 126) to undergo thermal cyclization is probably also the result of a similar
energy wasting pathway via a diradical mechanism.

MC_ 

M- Ph

-; =-Ph _Ph

14 Ph H CEMC-Pb
(64.) ta...- 1"Q

mp 65-e6'~CMP 84leCmp 182-11klC

H H
A NO CYCLIZATION

Cc
Ph

(Reference 126)

On the basis of the bisallenic diradical hypothesis, it is possible to interpret that the
successful thermal IMC reaction of (a rests in the formation of a similar bisallenic diradical
being deprived of the possibility of a cis-trans isomerization process. It follows that the
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hexaphenylated cis, cis-octa-3,5-dien-1,7-diyne system 04c would be expected to give a
bisallenic diradical intermediate which must overcome a high energy barrier for cis-trans
isomerization due to steric reasons. Closure of the diradical in the cisoid conformation to the
fused ring skeleton thus becomes kinetically competitive.

0 0

A' 0 ~ 0
(6%. 0

Compound 04c bears remarkable structural similarity to the state-of-the-art biphenyl

* . system ((a) but lacks the rigidity of the latter. Its incorporation into a polymer chain could

be expected to add considerable flexibility in relation to biphenylic (La. A two-step one-pot
synthesis from diphenylacetylene starting material seems to be an obvious procedure leading

- to 44c. The merit of this approach lies in the convenient preparation of the dilithio tetraphe-
nylbutadiene compound (References 127, 128). We have examined several approaches in the
conversion of the dilithio tetraphenylbutadiene compound (5) into 0_c.

L L CCLtoo) "C

The dilithio compound underwent lithium-halogen exchange instead of displacement
with bromophenylacetylene (Reference 129) due to the positive character of the bromine on
l-bromo-2-phenylacetylene. The reaction product of the lithium-bromine exchange reaction
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was identified as 1,4-dibromo-1,2,3,4-tetraphenylbutadiene ((6) by comparison of its IR

spectrum and melting point (146-148°C) with those of an authentic sample synthesized by
treatment of the dilithio compound (05) with carbon tetrabromide (Reference 123).

PPI0

PhC-C-Pd -Br
rBr !

Nete te (6(7)

Neither the displacement of bromine atoms in (6 with lithium acetylide nor the palla-

dium-catalyzed coupling of (6 (or its iodo analog) with phenylacetylene took place. We
examined the possibility of the reaction between 05 and bromo(phenylethynyl)bis(triphenyl-

phosphine)palladium[II] ((7) as an entry to (hc. The palladium complex (7 was easily
synthesized via the oxidative addition (Reference 130) of bromophenylacetylene to tetrakis-

- (triphenylphosphine)palladium[0] (Reference 108). Treatment of the palladium complex 07

* with the dilithio compound 05 in tetrahydrofuran caused an immediate darkening of the
. solution mixture. Thin layer chromatography showed that the reaction was more complex

than expected and further investigation was abandoned.
An alternative approach to the synthesis of 0c was by treatment of (5 with phenylacetyl

chloride. This method also proved to be unsuccessful, however. Work-up of the mixture

yielded 1,2,3,4-tetraphenylbutadiene and phenylacetic acid.

An ynamine intermediate (Reference 131) may be feasible for the synthesis of 04c,

although we have not completed this study. The experimental results obtained suggest that

PhCNC-NEt, + ' Z\ 0 -- 0

Li L C C
DC

Ah Ph
(644

there is a more severe steric crowding for the terminal substituents on the tetraphenylbuta-

diene unit than the 2,2'-positions of biphenyl. Space-filling models seem to support this
-interpretation.

The Hetero-EY 2 Systems

Our effort was then directed to examine a few selected hetero-E2Y2 systems (g, (h, 04i,

(Lj, Ofk, (L4m).
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In the synthesis of the E6Yr-imine compound (L3h, the most direct approach would be the
imine formation between 2-aminotolane and 1,3-diphenyl-2-propynone. The method is how-
ever judged infeasible since the amino group on 2-aminotolane lacks the nucleophilicity of
aniline and I,3-diphenyt-2-propynone undergoes nucleophilic attack in the Michael 1,4-
manner. Scheme 7 depicts a likely approach to the synthesis of (4h, the preparation of the
imidoyl chloride compound 08 being the key step.

Scheme 7

S1 PhCOCI I__pas

NxHR - -NHCOPh Q( II _4 . C1
fe)Ph

PIIC N CH, Pdf

PhC CH 
C T

L~(xc

/ .Ph

CDC-Ph DC-Ph

,Io

(a( NHCOPh (NJi: Ci

li/i(aR-) (M Ph P

(70))Ph
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Compound 8 was synthesized in 56% overall yield in two steps from a commercially

available starting material. Double phenylethynylation of §8 in the presence of the palladium

acetate-triphenylphosphine catalyst did not take place due to an apparent decomposition of

some palladium[0] intermediates formed in situ. It has been suggested that extra triphenyl-

* phosphine in the reaction mixture helps to stabilize the intermediate Pd[0] species, which can

be generated alternatively by the reduction of dichlorobis(triphenylphosphine)palladium[III

with copper[I] iodide. Toward this end, we treated compound (8 with phenylacetylene in the

presence of the new catalyst system. The reaction again was incomplete. We then examined

the feasibility of the alternate path which involves going through phenylethynylation in two

separate steps. Synthesis of the intermediate compound, N-(benzoyl)-2-aminotolane (09), was

uneventful but the purification of the subsequent compound 7O was tedious. Further experi-

mentation would be needed to improve on the process and prepare 04h.

Concurrently with the attempted synthesis of 04h, we also evaluated the procedure

leading to compounds 04i and (4j. The synthesis of IMC-benzalazine (4j was accomplished in

two steps and in high yields from commercially available 2-bromobenzaldehyde, which

underwent a conventional phenylethynylation to yield 2-(phenylethynyl)benzaldehyde (Q9)
(Reference 124). The subsequent reaction of _9 with hydrazine afforded IMC-benzalazine 04j.
An equally facile reaction was the preparation of 2-(phenylethynyl)benzaldehyde phenyl-

hydrazone (7,). Differential calorimetric scanning (DSC) analyses indicated reaction exo-

therms for both (j (Tmax - 190°C) and 7L (Tmax = 230°C). Upon heating these compounds

at 200*C, the fast disappearance of the starting materials was striking. Unfortunately, no

cyclization product was obtained in either case. Only extensive polymerization took place.

C C
C

I Ip

C ae0  Ph Ph

CH,,NNHPh

a.
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Synthesis of 1,4-bis(phenylethynyl)-1,4-diphenyl-2,3-diazabutadiene (0i) is outlined in
Scheme 8. Condensation of two moles of benzaldehyde and one mole of hydrazine hydrate in
absolute ethanol gave bright yellow crystals of benzalazine (2) in good yields (Reference
132). Chlorination of benzalazine was difficult to monitor (References 133, 134), but we were
able to obtain pure samples of 1,4-dichloro-l,4-diphenyl-2,3-diazabutadiene (Q3). The alterna-
tive approach to Z, i.e., via chlorination of 1,2-dibenzoylhydrazine (References 135, 136)
with thionyl chloride, led to 2,5-diphenyl-l,3,4-oxadiazole instead of 7.3. Phenylethynylation
using the Heck catalyst (Reference 25) resulted in incomplete conversion and a large amount

,. Scheme 8
.... "CHO

,____ Phr \-Ph -- Ph - Ph PN2 4 p_4 kp 1 hP
(%172) CC4 CI I C C

(73) C
- PhPh

(640

of tarry residue appeared. Further experiments are needed to determine the cause for the
observed deviation from normalcy. An apparent possibility in circumventing the technical
problem would be to pre-synthesize the intermediate palladium[IllI complex (4) by a conven-
tional oxidative addition reaction (Reference 130), and then to treat complex 74 with phenyl-
acetylene.

PdL4  Ph rN-NkrPh
PPh

CICl C "25C L-Pd--L L-Pd-.L

(73) I I
- L - PPIh CI CI

(74)

The availability of synthetic methods for the construction of 2,2'-bipyrroles (Reference
137) should make 5 an attractive candidate as an E2Y2-IMC system. The interesting possibil-
ity of a dual cyclization pathway for 75 is evident. This has not been investigated, however.
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(75)

" -' I H I,;.. Ph Ph

0

QPh

mOh

The E Y2 Systems

Only one hydrocarbon compound (6) in this group has been prepared and studied.

Treatment of 7§ with heat did not effect intramolecular cyclization.

0.' IhC CH0
--A Pd NO CYCLIZATION

e "¢=-C-Ph

"'" 176)

Diazine compounds are known to participate in Diels-Alder type cyclization reactions.

The expectation that a plausible intramolecular [2 + 2 + 2] six-centered cyclization would take

place between the nitrogen-nitrogen double bond in the diazine unit of compound Z7 and

the two proximal acetylene functions justified a synthetic attempt to obtain compound Z7.

0 0 0 0

(W", ,

;h Ph Ph Ph
177)
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Our initial approach (Scheme 9) began with commercially available 2-bromobenzaldehyde
from which 2-(phenylethynyl)benzaldehyde (Q9) was synthesized. Oxidation of 9 with

aqueous potassium permanganate under neutral conditions yielded 2-(phenylethynyl)-

benzoic acid Z8 (Reference 138). Treatment of Z8 with thionyl chloride afforded the corre-
sponding acid chloride which readily underwent a reaction with hydrazine hydrate. The
isolated major product, however, was not the expected Z9. Further investigation was
abandoned.

Scheme 9

Ph Ph

C CCHO KbO 4  COON 1. SOCI; il

(CMC-Ph 2. N2 H4  - NHNHC

(78) 0 0

(79)

An alternative approach is depicted in Scheme 10. The required starting material 1,2-bis(2-
bromobenzoyl)hydrazine (§0) was synthesized from commercially available 2-bromobenzoyl
chloride (Reference 134). Oxidation of the hydrazine unit to the diazine was accomplished by
treatment with chlorine gas. A good yield of 1,2-bis(2-bromobenzoyl)diazine (61) was real-
ized. Difficulties encountered during the double phenylethynylation step have prevented us
from attaining the ultimate target compound (Q7).

Scheme 10

BrNH Ar 
*I~g C2  Ia ~ B s

(a COCI (6%) Q CNHNHC (73%) =N-C

II II I I0 0 0 0
(60) lei)

Ph Ph

PhC a CH C C

Pd
C-N= N-C0

(77)
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The synthetic approach outlined in Scheme 10 was examined using the iodo analogs. 2-

lodobenzoyl chloride (§2) was synthesized from commercially available 2-iodobenzoic acid in

65% purified yield, and then allowed to react with hydrazine hydrate to give 1,2-bis(2-
iodobenzoyl)hydrazine (§3). Further steps leading to diazine §4 and finally Z7 have not been

undertaken.

Nj 2 NH 4  tI d C12

, .Nv"COCI Q CNHNHC C-N=N-C
(82) 11 11 11 110 0 0 0

(83 (84)
Ph Ph

N C

PhC R CH C C

PdII C-N=N-C

II II
0 0

(77)

Aromatic Amides with Phenylethynyl Pendants and Related Systems

Aromatic amides and hydrazides derived from 2-(phenylethynyl)benzoic acid (Q8) are

structurally interesting due to the proximity of the acetylene bond and the nitrogen atom.
Compound 45 was synthesized in two steps from 2-iodobenzoyl chloride (02). Compound 5
and its precursor &6 were characterized. The conversion of 6 to 5 was accomplished by a

" conventional palladium-catalyzed phenylethynylation.

( CO NH
..- COCl CECPh Q NH "I C "~ C' )91E

(82) Ph th

(86) (65)
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Differential scanning calorimetric analysis (Figure 2) of compound 05 revealed a melting

endotherm at 107°C and a reaction exotherm at 331*C with an onset temperature of 290°C.
The glassy product which resulted appeared to be polymeric and complex.

'-4-
I ! . ' !

...... .... .... .. . . .. -- I

0 -.. --. .~ PL~
.. . I :

4" 6 20 24 0 30 30 40 4

....... .. .... ... + 1. .: . _
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0 401SO 12 ISO; 20 24 280 32 60 40 4

TEMPERATURE (0 0) DuPont 1090

Figure 2. Differential Scanning Calorimetric Thermogram of Compound 05.

By the removal of one of the two phenylethynyl substituents from structure , two
isomric ompunds&~ adL9 would result. The thermal behavior of compound §7 ha been

(8.7) fee)
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the subject of a related study (Reference 139). The synthesis of N-phenyl-2-(phenylethynyl)-
* benzamide (§7) was accomplished by a sequence starting from 1,2-dibromobenzene (08).

.% 0

or Phc!=CH 10 r *uLl MnII PhNCO 8NH!Ph
Sr Pd Q -CPh E t2OQ E~

(88) (87)

Based on results from our laboratories, an alternate synthesis would be possible from 2-
(phenylethynyl)benzoic acid (Z8)

Q CON H 
NHPhSO C PhNN

BkMph @ C CSC Ph

(78) (87)

Compound 7 exhibited a reaction exotherm maximum at 232C on its DSC curve. When
heated at 215C, 7 gave an isomeric mixture of 9 and 0.

0 00

-. 8-N

-250Ph + Ph

H PhPh

%) (89) (9)
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Compound (L was synthesized by palladium-catalyzed phenylethynylation of N-(2-iodo-
phenyl)benzamide (vide supra). The differential scanning calorimetric (DSC) data showed a
melting endotherm minimum at 118 0C and a broad reaction endotherm minimum at 290*C.
The broad reaction endotherm at 290*C was unexpected, since the ortho-iodo analog of 09
exhibited an exotherm above 280*C (Figures 3, 4).

0.

-4

E

0*

-24-' aO PhC!=C

-281 i i i 0 i i i I i
40 s0 120 160 200 240 280 320 360 400 4"0 480

TEMPERATURE (0 C) DuPont 1090

Figure 3. Differential Scanning Calorimetric Thermogram of Compound 9
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Figure 4. Differential Scanning Calorimetric Thermogram. of Jodo-Analog of 09.

At 300*C under an inert atmosphere, compound Q underwent a rearrangement reaction
to yield two structural isomers ?_I and 22 which were separable by careful column chromato-
graphy. Structure elucidation was accomplished by IR, MS, NMR and elemental analysis. The
overall isolated yield of 9_1 and 22 was high. Mechanistically, 2I arises from nucleophilic

@ ( acph 3600
( NHCPh

(69~191) (92)
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addition of the nitrogen-hydrogen bond to the proximal ethynyl bond and 9 arises from

attack of the oxygen center of the tautomeric enaminol form of Q9. This intramolecular
cyclization (IMC) reaction is novel but the difference in melting points between 09 and either

91 and 92 is not large enough to render itself useful to the design of IMC reactive polymers.
2-(2-Phenylethynyl)phenylbenzimidazole (3) is structurally a potential candidate for

intramolecular cyclization. Our first approach to its synthesis used 2-(2-bromophenyl)benzi-
midazole (4) as starting material, which derived from 2-bromobenzaldehyde bisulfite adduct

and o-phenylenediamine (Reference 140).

H Br

C

P'P

(94) (93)

The phenylethynylation of 94 appeared to be inefficient and also sensitive to the nature of

the palladium catalyst used. In the presence of palladium acetate, no phenylethynylation took
place as 94 and phenylacetylene were heated either in 1:1 toluene-triethylamine at reflux for
12 hr. or in 1:1 N,N-dimethylacetamide(DMAC)-triethylamine at 80°C for 24 hr. In the

presence of the Ph 3P/(Ph3P)2 PdCI2/Cu2 I2 catalyst system in 1:3 DMAC-triethylamine at 90°C
for 36 hr. (Reference 27), an incomplete reaction took place. The NMR spectrum taken in

DMSO-d of the product mixture after work-up showed an overwhelming presence of starting
material 94 (67%) and absorptions due to a novel product (33%). The reaction product was
isolated by silica gel column chromatography, eluting with dichloromethane.

Structure elucidation for this product was carried out in conjunction with the reaction

product isolated from the reaction between 2-(phenylethynyl)benzaldehyde (Q9) bisulfite

adduct and o-phenylenediamine. Both reaction products appeared to be the same compound
95, since all their spectra (NMR, IR and MS) were identical when superimposed on each

other. Compound 95 is an isomer of the desired phenylethynylated product 3. Structural
assignment for 9_5 was based on available physical data and elemental analysis.
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+ PhCECH PdCjCuj12 , PPh3

NEt,3- DMAC

19-)

i0

Ph H

(9)

_.CHO + Na2S

K) =CCPh H) EtON -H,O

Unambiguous assignment of NMR chemical shifts to the respective protons was made on

the basis of double resonance experiments (Table 3).

The isolation of II-benzylidene-IH-isoindolo(2,la]benzimidazole (95) from the palla-

dium-catalyzed phenylethynylation reaction of 2-(2-bromophenyl)benzimidazole (%4) was

interesting in light of previous work at the AFWAL Polymer Branch. It was found that

palladium-catalyzed phenylethynylation of 2-(2-iodophenyl)benzimidazole (2§) was also in-

complete and afforded a solid compound which exhibited no reaction exotherm on its DSC
curve. We established that this solid compound was identical to V. The 250-MHz PMR and

mass spectra were identical when superimposed on those obtained for 2§. In the reaction of 2-

(2-iodophenyl)benzimidazole (2§) with copper[l] phenylacetylide, however, a different com-

pound, based on thin-layer chromatography, was obtained. This compound also yielded no

DSC reaction exotherm below 300°C but a sharp endotherm due to melting was observed at

, 324°C (Figure 5). The mass spectrum indicated a molecular ion of m/e 392 (or 394) and a base

peak at m/e 243. Fourier-transform infrared spectroscopy showed no prominent absorptions.

A tentative structure _7 was assigned to this compound.
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Intramolecular Diels-Alder Reactions

Bimolecular Diels-Alder reactions are characterized by a highly-ordered aromatic transi-

tion state (Reference 141). Recent investigations have produced ample examples of Diels-

Alder reactions occurring intramolecularly when both diene and the dienophile are predis-

posed in the same molecule. The principle of intramolecularity greatly increases the synthetic

potential of these reactions. For example, dienophiles, such as isolated carbon-carbon and

carbon-nitrogen double and triple bonds, which are normally unreactive in the classical
Diels-Alder fashion, become reactive to the diene bound on the same molecule. This is

presumably due to entropic assistance as a result of the close proximity of the reaction

partners. Three important reviews on intramolecular Diels-Alder reactions have appeared

(References 142, 143, 144).

Our interest in the benzocyclobutenes (Reference 145) was prompted by the intramolecu-
far Diels-Alder addition reaction of ethylenes and acetylenes with o-quinodimethanes, of

which benzocyclobutenes are precursors (References 142, 143, 144, 146). The thermal genera-

tion of the highly reactive o-quinodimethanes (and their subsequent Diels-Alder reactions)

has provided an elegant entry to the synthesis of a variety of natural products which are
difficult to synthesize otherwise. The high stereoselectivity is remarkable (References 147,

148, 149, 150, 151).

O%(N CN4 OO<o

R-73o)

R 
R, NO 

-%'s0

• " (Reference 147)

1--
A-C 4HO

(Reference 148)
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(Reference 150)
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(Reference 151)

In a very similar approach whereby the lignan carpanone ( ) was synthesized via an
intermediate bis-quinodimethide (9) (i.e., the oxygen analogue of o-quinodimethane), the
stereochemical control over five chiral centers is striking (Reference 152).

%4 H, O . Hic. HsC,, CM
(OA) 2 0

U (3) (35)
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Benzocyclobutenyl Systems

The intramolecular Diels-Alder addition of o-quinodimethane to acetylene sparks new

promise to our search for a novel IMC cure mechanism. The following benzocyclobutenyl

systems show great potential.

ON ,I r-) OCHg- N

*: O C HOC m C
C CP h I, P h

Ph
(100) (101) 1102)

-g3-

C
Ph

(103) R- H (105) (106)

(104) R- PhCEC-

"" PhPh

(102)

H H H
•1 or IJ OHJI COOH

(107) (106) (109)
dd"

.. 3 1 .CNO i OrCHO

416o) f11l)
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Synthesis of the requisite benzocyclobutene precursors, i.e., 1Q07-1 11, was carried out. We
commenced our pursuit of 1-bromobenzocyclobutene (1Q07) with commercially available
aa,a',a'-tetrabromo-o-xylene (112), which underwent a ring closure reaction in the presence
of sodium iodide to yield a mixture of cis- and trans-1,2-dibromobenzocyclobutene (L3)
(References 153, 154). The isomers were used together in the subsequent reduction to
benzocyclobutene with tri-n-butyltin hydride formed in situ from tri-n-butyltin chloride and
lithium aluminum hydride (Reference 155). Benzylic bromination with N-bromosuccinimide
in the presence of a free-radical initiator converted benzocyclobutene to 1-bromobenzocyclo-
butene (Reference 153).

Scheme 11

Si, NCHi r, or BusedC-LAN esB

(107)(112) (113)

There were two approaches which we undertook to prepare benzocyclobutenol (108) for
the subsequent conversion to benzocyclobutenone fJil) (Scheme 12). The classical approach is

" *. by way of the benzyne addition to vinyl acetate (Reference 156) and subsequent deacetylation
of the adduct 14. The prior synthesis of the diazonium salt (Reference 157) for the genera-
tion of benzyne is a hazardous procedure for scale-up operations. We therefore preferred an
experimental procedure that allows the in situ generation of the diazonium salt
in low concentration (Reference 158). At the end, 1-acetoxybenzocyclobutene (1,.14) was
prepared in 43.5% yield. Removal of the acetyl group by sodium carbonate yielded benzocylo-
butenol (1,8) (References 156, 158, 159). In a comparative study, 2-bromostyrene oxide (115)
was prepared by a newly-reported dimethyl sulfate-dimethyl sulfide method (Reference 160).
A ring opening reaction of 1.J5 by the action of n-butyllithium and magnesium bromide
afforded benzocyclobutenol (118) (References 161, 162).
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Scheme 12
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In earlier literature reports, the oxidation of 1Q8 was carried out using chromic anhydride
in pyridine (42% yield) (Reference 163), or activated manganese dioxide (90% yield) (Refer-
ence 159). We found that 1Q08 was easily oxidized to benzocyclobutenone by a convenient
method using diethyl ether and aqueous chromic acid (Reference 164). The desired benzo-
cyclobutenone (1j1) was cleanly separated from the accompanying minor product, phthalide
(14 6).

I& +Et2O'Hor ZO

(10 ) 1) (110)

The ready availability of benzocyclobutenol (IQ8) (Scheme 12) makes it a convenient
precursor to both 1-bromobenzocyclobutene (1Q7) and benzocyclobutenone (1I). We there-
fore examined the conversion of 108 to IQ7 using phosphorus pentabromide. The transforma-
tion was essentially quantitative.

(1N) (107)
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The synthesis of Compound 102 was not accomplished through direct imine formation
between benzocyclobutenone (11) and 2-aminotolane (References 28, 165). Compound 106
(as an E and Z mixture) was obtained from 1j_7 via a Wittig reaction. It is relevant to point out
that the allenic phosphonium salt (17) was prepared from phenylpropargyl bromide and
triphenylphosphine. The allenic structure was ascertained by IR spectroscopy. Upon treat-

ment of 1J7 with n-butyllithium, the propargyl form was regenerated in the ylid (Reference
166).

NHa

+ I
(1111 C"C--C-Ph in

(102)Ph

::' CH-C=C-Ph0 * .-BuU %~~lUCt

+ PhCHC=CH-PPh, Sr

(117)
(106)

Compound 1,Q5 could conceivably be attained in several ways (Scheme 13). The benzocy-
clobutenone route (Procedure I) was briefly examined, but was quickly abandoned in light of
a more convenient approach via the bromobenzocyclobutene route (Procedure II).

Scheme 13

Procedure I:

-'I,- -

¢HtBr
-ititCwt

CC-Ph Witt oIII

C
Ph

(105)
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Procedure II:

+ -

OH Br PPII,B

f10) (107) IIC'h
Ph

(105)

Compound I00 was synthesized from bromobenzocyclobutene (1Q07) via the sequence

depicted in Scheme 14, The Grignard compound made from 107 was carbonated to yield the
acid 1Q9 (Reference 167) which was then converted to its acid chloride 118 (Reference 168).
Treatment of 1,8 with 2-aminotolane gave the target compound 100. It was later demonstrat-

ed that the synthesis of Compound 1.00 could be effected smoothly in one pot from the

carboxylic acid intermediate (1Q9).

Scheme 14

BrCOON OCICA

2. Cog02 KO J jH C

(107) (109) (118) (100) Ph

The conversion of the benzylic bromide 07 to 00 through the carboxylic acid chloride

118 suggests a plausible application of an organopalladium method, which would allow a
*i one-pot synthesis of 1Q7 -* 100 under mild conditions. Tetrakis(triphenylphosphine)-

palladium[Ol (Reference 108) is known to undergo an oxidative addition-carbonylation reac-
*tion with benzyl bromides in the presence of carbon monoxide to yield the corresponding

acylpalladium[Il complexes, which react with gaseous chlorine to give the acyl chlorides and
bromochlorobis(triphenylphosphine)palladium[II (Reference 169).

it itO L it
NL-- CO.,,,.,c -c-c , "

H H L

SR=CH.D L z PPhl
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It is reasonable to expect 1-bromobenzocyclobutene (07) to undergo an analogous
sequence to yield 118 which should require no isolation and would react with 2-aminotolane
to give 1QO. Unfortunately, -bromobenzocyclobutene failed to undergo oxidative addition
with tetrakis(triphenylphosphine)palladium[O].

of PdL4, CO /N /

,-.'..~ E" - L/ "l

Compounds 105 and l06, by differential scanning calorimetry (DSC), did not give any
appreciable exotherm below 250°C (Figure 6). Upon heating at 2250 + 5°C for several hours,
the starting materials were isolated. In contrast, Compound 0 gave a melting endotherm at
108°C and an exotherm at 225 0C (Figure 6). At 2250 C, Compound 1.0 rapidly underwent a
reaction. Thin layer chromatography indicated that the reaction was fairly clean and was over

in less than 2 hours. The reaction product was isolated by column chromatography. It
remained a white solid up to 240°C and gradually turned yellow. Near 300°C it turned brown
and did not melt even at 315°C. Mass spectrometric analysis indicated that this material was

isomeric to the starting material. The available physical data allow a tentative assignment of

structure 1.L9 to the product.
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Figure 6. DSC Thermogram of Compound 100

Ortho-Bis(phenylethynyl) Compounds

Extensive research has been carried out on the synthesis and chemical behavior of
compounds having ortho-positioned phenylethynyl pendants. Structurally, these compounds

" can be categorized into four classes: the aromatic and heteroaromatic keto-diynes (1;0, 121,
122), the cyclobutene-trans-diynes (123), bis-tolane derivatives of phosphorus, silicon and

_ sulfur (124) and the bis(phenylethynyl) aromatics (1;5, 126, 1;7). Compound 127 is the state-
of-the-art thermally active IMC system.
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The photochemical and organometallic chemistry of these classes of compounds have

been reviewed (Reference 123). Only sporadic data on the thermal reactions are available. In
the case of the bis(phenylethynyl) compound 120a, its organorhodium (References 170, 171)
and organonickel chemistry yielded interesting results (Reference 172).

It is significant to note that the fused aromatic system 128 was isolated in 1% yield from a

benzene solution of 120a after prolonged standing at room temperature. The possibility of a
thermally induced intramolecular cyclization of 1;0a was later realized (Reference 173).

%jC%,C#C OW* NZO

(120.) (128
Ns. -oC Z

An analogous thermal reaction also took place in the case of o-bis-(phenylpropargyl)benzene.

Irradiation of Z0a similarly gives 128. The mechanism proposed for the photochemical
reaction involves an initial formation of the reactive cyclobutadiene by a [2+21 cycloaddition,
followed by ring cleavage to the diradical which undergoes rearrangement and then recom-
bination, while the thermal reaction is likely to follow a concerted [2+2+21 mechanism.
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The thermal reaction of 120a is intriguing, especially the enhancement in the melting
point going from starting material 120a (mp 94-950 C) to product 128 (mp 284°C). We briefly
evaluated the synthesis of 120a and its potential as a candidate thermal IMC system. Treat-
ment of o-phthalaldehyde with two equivalents of (phenylethynyl)magnesium bromide

afforded the intermediate diol 129 (Reference 174). A conventional manganese dioxide
oxidation for this type of compound was not followed in light of a far easier oxidation
procedure (Reference 164) using aqueous chromic acid and ether. Our preliminary experi-
ment yielded an orange-yellow powdery product which showed physical characteristics of
1;8 instead of the expected 120a. Further experimentation is needed to decide whether the
premature thermal ring closure took place during the oxidation process or in subsequent
work-up.

CHOO

y CHO PhCECMaBr H-CEC-Ph 120a 128

Q CH-C5C-Ph

OH

(129)

The availability of 2-(phenylethynyl)benzaldehyde (59) prompted us to synthesize com-
pound 1;1 which is structurally similar to l0a. The Grignard reaction of 9 and subsequent
oxidation of the intermediary alcohol derivative presented no complications. The oily com-
pound 1Z1 (Reference 175) underwent a reaction at 150°C to yield 10-phenyl-1 H-benzo

Iblfluoren-11-one (13O), its 5-phenyl isomer being present as a minor product. Identification
of products was possible by comparison of their physical and spectral characteristics with
literature values (Reference 176).

0

_ _ _ _ _ _ _ _ C ' C C -fp , 1 5i O P C 0 0

I:1111Ph:ICECo
(59) (121) Q0 h P

o 0
(reajor) (minor)

o.1

Bis-tolane derivatives of phosphorus, silicon and sulfur (124) are interesting in their
resemblance to 2,2'-bis(phenylethynyl)biphenyl, having criss-crossing phenylethynyl substit-
uents. While the organorhodium chemistry of the sulfur compound I;4c (Reference 177)
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parallels that of keto-diynes 120, the phosphorus analog l24a undergoes complexation with
chlorotris(triphenylphosphine)rhodium[l] to yield a novel cyclobutadiene-rhodium[I] com-
plex Q31 (Reference 178).

Ph

0 RhLsCI tRhL3CI

"-" M C C
Ph PhPh Ph\

(131) C L

II
(124a): X= PPh ftc-Ph

0, (124c): X =SO
0 ' L-PPh3

\- CiP =-'-Rh -Cl

0.00

0 0

Both 1 4b (Reference 179) and 1; 4 c (Reference 177) yield substituted azulenes in the
presence of an organopalladium complex. The structure of the cyclobutadiene-palladium
complex initially formed during the reaction is inferred both from the trapping experiment
with diphenylacetylene and azulene formation.

(: 124bh) X= SIMencw
c X

Lh PPha
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Thermal cyclization studies of 1Q4 have not been reported. An interesting rearrangement-
cyclization reaction (Reference 180) of 124a occurs upon irradiation, however. The structure

of the photochemical product Q32 has been established by an X-ray study of its methyl iodide

salt.

- PP

"C v " r e ¢ C -Ph

""4124s) (132)

It is expected that the presence of heteroatoms such as phosphorus, silicon and sulfur in
high temperature resistant polymer resins can contribute to their flexibility and flame

retarding ability without adversely affecting their requirement of thermal stability. The criss-
cross disposition of the two pendent phenylethynyl groups sets the stage for a possible

thermally-induced intramolecular cycloaddition akin to the state-of-the-art 2,2'-bis(phenyl-

ethynyl)biphenyl IMC system. Future research in this direction may prove to be a successful
undertaking.
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3. TASK III. CHEMISTRY AND APPLICATION OF ISOIMIDE REARRANGEMENT

The development of the intramolecular cyclization (IMC) cure method effectively elimi-
nates the restriction of translational molecular mobility generally needed for crosslinking
cure. Thus, the thermal cure step, which causes pairs of strategically positioned pendent
groups along the polymer chain to undergo an intramolecular cycloaddition to form a fused
aromatic structure, can continue to completion long after the resin is essentially vitrified. The
ultimate use temperature would be substantially higher than the cure temperature. The
intramolecular nature of the curing process precludes the formation of a three-dimensional

structure. Since the reaction used for the curing process is of the cycloaddition type, no
volatiles are evolved. As presented in earlier sections, the thermal cycloaddition reaction of

2,2'-bis-(phenylethynyl)biphenyl (References 11, 12) has been successfully adopted for curing
quinoxaline and imide polymers (References 14-16).

The concept of intramolecular cyclization (IMC) cure for the advancement of glass
transition temperature (Tg) in polymer systems has thus far been demonstrated only with the
thermal conversion of 2,2'-bis(phenylethynyl)biphenyl to 9-phenyldibenz[a,c] anthracene. It
would be advantageous and desirable to be able to extend the IMC concept to other chemical
systems. Several structural requirements for the potential IMC systems are important. First,

the expected IMC reaction must be thermally induced and should not liberate gaseous by-
products. Second, the end product of the thermal IMC reaction should be a fused aromatic or
heteroaromatic ring system and/or contain trivalent nitrogens for high thermal and thermo-
oxidative stability. Third, terminal phenyl rings should be present to allow functionalization.

Fourth, the structural unit that undergoes the IMC reaction should be as flexible as possible

so that it may contribute to the lowering of the Tg of the precure polymer, an important

objective in the improvement of processibility.

Several potential IMC systems have been identified at Hughes under the sponsorship of
AFWAL. However, they have not been adequately tested (vide supra).

Isoimide Technology

The recent application of isoimide chemistry to acetylene-terminated polyimide oligomer
precursors (Reference 181) has brought to light the broad potential of this technology to yield
easy-to-process high temperature polyimides. Especially important is the observation that the
technology can be applied without compromising the thermomechanical properties of the

final products. Previously, the concept of producing thermally stable addition curable poly-
mers was severely limited by the intractability of the oligomers. Thus, monomers were
selected so as to provide sufficient tractability for subsequent applications. As a consequence,
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an obvious compromise had to be made between tractability at the required processing
temperatures and thermal stability of the resultant products.

The introduction of isoimide functional groups into polyimide precursors drastically
lowers their melting points and extends the gel time. As a result, the processing window is
significantly broadened, thereby making commercially available diamines and dianhydride
monomers, which previously formed intractable polyimide prepolymers, viable candidates

for future resin systems. Processible polymers may now be produced with substantially

increased thermal stability, relative to the state-of-the-art polyimide oligomers, e.g., HR600.
In addition to the melting point and gel time improvements, the isoimides impart to the

precursors increased solubility in common low-boiling, non-interacting solvents, such as
tetrahydrofuran. This is to be contrasted with state-of-the-art polyimide precursors, which

generally are soluble only in strong aprotic solvents, e.g., N-methypyrrolidinone (NMP). The
latter class of solvents is very difficult to remove during processing and its use often results in
void formation in cured composites.

As the processibility /thermal stability dichotomy has prevented the development of ultra-

thermally stable polymers (>700°F), so the toughness/thermal stability relationship has
hindered widespread use of thermally stable (450-600°F) polymers.

The broadened solubility parameters of isoimides now provide a technique for introduc-

ing other polymeric moieties, which can contribute toughness and hydrolytic stability, into
heretofore brittle polyimide polymer systems.

Finally, the application of this technology now provides a method for more fully explor-
ing the structure-property relationships of polyimides, including various crosslinking tech-

niques and mechanisms.

Chemistry of Isoimide Rearrangement

The Isoimide Technology has its basis in the findings that, under unique conditions, the

chemical cyclization of polyamic acids can lead to isoimide rings which impart the added

advantages to processing. The dramatic suppression in the melting range may be a conse-

quence of the multitude of structural isomers generated in the preparation of these interme-
diates. The thermal rearrangement of isoimide to imide leads to no evolution of volatile
byproducts, thus satisfying still another important processing requirement. In other words,

processing of polyimides can now be carried out at the isoimide stage, taking full advantage
of the greater solubility in common solvents, lower melting point, and longer gel time prior
to the thermal which leads to the polyimides. The isoimide and imide structures are shown

below:
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In a model study with N-substituted phthaloisoimides, a significant difference in melting
point of the isoimide form over that of the imide was observed (Table 4). The dramatic
decrease in melting point is very significant. Also, the solubility of the isoimide form in a
number of common solvents in which the imide version is sparingly soluble is greatly
increased (Reference 184).

7 TABLE 4. MELTING POINTS OF
COMPARABLE IMIDES AND

ISOIMIDES

M.P. 0C

N-Substituted
Phthaloisoimide Imide Isoimide

C6H5- 207-8 110-2

o-CH,0sH4- 180-1 135-6

p-CH3OC6 H4- 203-4 112-4

o-CHOCH 4- 158-9 116-7

Application of this approach to the acetylene-terminated polyimide oligomers HR600 has
yielded the analogous series of acetylene-terminated polyisoimide oligomers, referred to as
HR600P.

The isoimide oligomers are formed by chemical dehydration of the amic acid precursor
*: using dehydrating agents such as N,N'-dicyclohexylcarbodiimide (DCC), ethyl chlorofor-

mate-triethylamine (TEA), trifluoroacetic anhydride (TFAA), TFAA-TEA, acetic anhydride
(Reference 182), acetyl chloride and ketene (Reference 183). These dehydrating agents were
screened for their application in the preparation of the HR600 resins. On the basis of their po-
tential development into practical commercial processes the two dehydrating agents of choice
were TFAA and DCC. They both promoted high conversions of the amic acid to the isoimide
(Reference 185).

68

.-............... .. ...,... .... ,. ...



The structure of the acetylene-terminated isoimide (e.g., HR600P) oligomers differ from

that of the corresponding imide (HR600) oligomers only in the arrangement of atoms in the

functional heterocycle formed. Thus, the preparation of both oligomers requires the same

stoichiometry of the reacting monomers but different reaction conditions. The HR600P

oligomer melts at about 150-160°C, whereas HR600 melts at 195-205°C. Also, HR600P has

excellent solubility in such solvents as tetrahydrofuran, glyme, N,N-dimethylacetamide

(DMAC), N-methylprrolidinone (NMP) and other amide or ketone solvents. Upon heating

and curing the HR600P converts to a thermally and oxidatively stable polymer having good

physical properties.
Generally, the HR600P has an isoimide content greater than 80 percent. The theoretical

structures for HR600 and HR600P are depicted in Figure 7.

00 0 0 0

HH IC% In ,0
\C C /*

ZN N 11V, no

11.

HR600

NCEQN

00

'?

HROOOP

Figure 7. HR600 and HR600P

Fourier-Transform infrared (FTIR) spectroscopy provides an effective means in the analy-

sis of polyisoimides and polyimides. The FTIR spectrum of the imide from (Figure 8) shows

the expected C-O absorption frequencies (sym 1707-1730 cm - 1, asym 1776-1794 cm-'). The

FTIR spectrum of the isoimide (Figure 9) shows C- absorption at 1789-1841 cm - ', C=N

absorption at 1680-1730 cm', and a characteristic broad band base at 900-950 cm - which can

be attributed to the lactone ring with an exocyclic double bond.
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Differential Scanning Calorimetry (DSC) of the HR600P polyisoimide oligomer shows a
broader exotherm in relation to HR600. The exotherm represents a combined heat release due

to the curing reaction of the acetylene end groups and also the isoimide-to-imide rearrange-

"* ments. (Figure 10).
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Figure 10. Differential Scanning Calorimetry Curves for HR600 and HR600P Resins

High Molecular Weight Polyisoimides

The volatile-free nature of the thermal conversion isoimide to imide and the dramatic
• -improvements in processing characteristics observed during the development of acetylene-

terminated polyisoimide oligomers jointly suggest that an alternative approach in IMC
studies is possible. In order to evaluate the feasibility of using the isoimide-to-imide thermal

rearrangement as the sole mechanism of processing and curing of polyimide resins, we

undertook the synthesis of high molecular weight polyisoimides.

Early in the studies, techniques were established to afford monomers of polymer-grade
purity. Optimization of reaction conditions was also carried out such that isoimide polymer
batches having inherent viscosities (71) in the range of 0.6-1.1 could be routinely synthesized.

Size exclusion chromatography of selected polyisoimides was attempted in order to correlate

molecular weight averages with solution viscosity data. It seemed, however, that solution
viscosity was not sensitive enough to variations in the molecular weight average and
distribution. Another inherent problem in the assessment of the values of molecular weight

averages was the choice of calibration standard (polystyrene).
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Representative polymerization experiments are collected in Table 5. In general, polymer-
ization was carried out in 5- to 50-gram quantities and at a concentration of 15-27% solid
content. Most polyisoimide polymers obtained in this study were derived from 2,2-bis(3,4-
dicarboxyphenyl)hexafluoropropane dianhydride (6FDA) and 4,4-diaminodiphenyl ether
(ODA), since these monomers could be obtained in a very pure form. The dianhydride 6FDA
was generally obtained from the alkaline hydrolysis of the DuPont polymer NR150.

Solvent. Polyamic acid synthesis was carried out in either anhydrous N,N-dimethylaceta
mide (DMAC) (Reference 186) or anhydrous tetrahydrofuran (THF). Based on inherent
viscosity data, there was no significant difference observed. THF was selected for future work
since it is low boiling and permits easy removal from the polymer product. Secondly, work-
up is apparently simpler with a polymer solution prepared in THF solvent. Precipitation of
the polyamic acid in hexane yields thin long white strings. In comparison, mixing of a
polymer solution in DMAC with hexane gives a rtibery mass. In order to free occluded
DMAC solvent from the polymer mass, several recycling steps (i.e., re-constitution in THF
and reprecipitation of the polymer in hexane) are generally necessary.

During the period of our study, GAF Corporation was introducing a new solvent, namely,
N-isopropylpyrrolidinone (NIP) which could be obtained in high purity and in the anhy-
drous form relatively easily. It is also infinitely miscible with hexane. Unfortunately, poly-
merization of 6FDA and ODA carried out in this solvent yielded a polymer of inferior quality

and low inherent viscosity. Further studies in this solvent was not undertaken.

Cyclodehydration. In connection with the Hughes proprietary isoimide technology, two
*dehydrating agents were used in effecting cyclodehydration of polyamic acids to polyisoi-

mides. Trifluoroacetic anhydride (TFAA) was initially employed in the synthesis of both
acetylene-terminated polyisoimide oligomers and high molecular weight isoimide polymers.
Outgassing experiments (Reference 181) and thermogravimetric-mass spectrometric (TGA-
MS) analysis jointly suggested that TFAA had undergone reactions with the polymer to give
fluorinated by-products, thus compromising the quality of the polymer. In the case of

*cyclodehydrating high molecular weight polyamic acids, TFAA gave erratic results and

usually required repetitive treatment to effect complete isoimidization. Furthermore, polymer
chain scission probably took place via acid hydrolysis. As a result, the polyisoimide products
had low inherent viscosities.

Cyclodehydration of high-molecular-weight polyamic acids with N,N'-dicyclohexylcarbo-
diimide (DCC) yielded polyisoimides of high inherent viscosities. The completeness of
conversion was measurable by the amount of N,N'-dicyclohexylurea (DCU) generated during
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" the reaction. A reliable quantitative method has been developed based on Fourier-Transform
infrared (FTIR) spectroscopy to ascertain the presence of unreacted amic acid units (Reference

*, 181). It was apparent that a higher amount of unreacted amic acid units was present in
. isoimide polymer samples of higher molecular weight. Extending the reaction time for the

cyclodehydration step or carrying out the reaction at a higher dilution afforded only slight
improvements.

Rate of Precipitation of Polymer. After the isoimidization step, the precipitated N,N'-
dicyclohexylurea was removed by filtration and the polymer solution was concentrated to
50% of the initial volume and added to hexane which was stirred vigorously. The rate of
addition of the THF polymer solution to hexane determined the amount of occluded impuri-

ties. The best results were obtained when the polymer solution was added dropwise but
-. rapidly from an addition funnel. The precipitated polyisoimide polymer was then further

purified by redissolving in anhydrous THF, filtering and reprecipitating in hexane.

Effect of Aluminum Oxide Treatment. Both neutral and basic aluminum oxide were tested

. as potential agents for the removal of residual amic acid contents in polyisoimide samples. A
typical experiment was carried out with a 5% solution of 1 gram of poly(6FDA-ODA)isoimide

in tetrahydrofuran (THF) and 1 gram of aluminum oxide. After stirring for 1 hour at 25°C,
the polymer solution was filtered to remove aluminum oxide and mixed with hexane to

reprecipitate the polymer. Normalized against a skeletal absorption at 1480 cm - ', the relative
peak heights due to amic acid (1540 cm- 1 ), isoimide (936 cm - 1) amd imide (1375 cm-'),

respectively, in the FTIR spectra, taken of the polymer before and after the alumina oxide
treatment, were compared. The details of this analytical technique have been described

(Reference 181). The results indicated that neutral aluminum oxide eliminated > 95% of the
residual amic acid units. Basic alumina oxide, by comparison, was less effective. The inherent
viscosities of the polymer samples after the aluminum oxide treatment were lowered by
approximately 13% (Table 6). It was not certain if this was a consequence of partial depoly-
merization or selective adsorption of the longer polymer molecules to the alumina surface.

TABLE 6. EFFECT OF ALUMINUM OXIDE TREATMENT

Inherent Viscosity, i
(in THF, at 20°C)

Untreated Basic A120 3  Neutral A120 3

6FDA-ODA isoimide
polymer from experiment 15 0.97 0.86 0.85
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Volatile Content. Preliminary TGA-MS results obtained for high molecular weight polyi-

soimides indicated that the presence of residual organic solvents and moisture was inevitable

using conventional drying procedures. During rheometric measurements, the entrapped

volatiles present a serious outgassing problem in obscuring the direct observation of the cure

process. In view of the successful application of supercritical fluids (notably carbon dioxide)

as an extraction technique (References 187-189) in separation and purification, we carried out

a preliminary evaluation of supercritical carbon dioxide as a means to remove trace amounts

of occluded solvent and other volatiles from polyisoimides. As a solvent, carbon dioxide has

several advantages, including low toxicity, flammability and cost. Polyisoimide samples were
subjected to supercritical carbon dioxide processing. The standard procedure was to recycle 4

times from 2,000-8,000 psi (13.8-55.2 MP:., 1 psi = 6.894 x 10- ' MPa) with 30-minute

holdings at 8,000 psi. Results from outgassing experiments (Table 7) carried out on polymer

samples before and after the carbon dioxide treatment showed that this cleaning procedure
was effective in the reduction of volatiles. Due to the nonpolar nature of carbon dioxide, the

removal of polar impurities, e.g., residual trace of N,N'-dicyclohexylurea, was less effective.

An internal study at Hughes is conducted to evaluate the applicability of supercritical fluid

admixtures (such as carbon dioxide/5% methanol) to the removal of polar impurities from

polymers.

TABLE 7. RESULTS OF OUTGASSING* EXPERIMENTS WITH POLYISOIMIDES

INHERENT
MONOMER VISCOSITY OF % VOLATILES IN % VOLATILES IN EFFICIENCY IN

SAMPLE CONSTITUENT POLYMER SAMPLE BEFORE CO,, SAMPLE AFTER CO,, VOLATILE REMOVAL

K1543-105 (PMDA-BAPB) 0.41 7.73 1.93 0.75

VI-129-B (BFTDA-ODA) 0.29 2.63 1.45 0.45

VI-137-B2 (6FDA-ODA) 1.10

VI-127-A (6FDA-ODA) 1.35
amic acid

VI-127-B (6FDA-ODA) 0.97

K1543-113 BTDA-BAPB 4.51(6.0)** 1.64(1.0) °"  0.64(0.83)
oligomer

K1543-134 6FDA-ODA 6.50 0.76 0.88
Ioligomer

K1543-132 6FDA-ODA 8.31 0.56 0.93
oligomer

. 'The outgassing experiment was conducted according to ASTM-E-595-77 at 125°C for 24 hours with the condenser plate maintained at 25°C
and with a vacuum of 10 5 torr.

L "'Weight lom determined at 210'C in conjunction with TGA-MS analysis.
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A detailed thermogravimetric-mass spectrometric (TGA-MS) analysis was carried out on
one polyisoimide sample. The major volatile reduction effected by the supercritical carbon
dioxide process was in relatively non-polar solvents. The other detected impurities, indole

and cyclohexenimine, were reduced by 50%. N,N'-dicyclohexylurea was not removed by this

* method (Table 8).

TABLE 8. EVALUATION OF SUPERCRITICAL CO2 PROCESS BY TGA-MS

INTENSITY

Mass ion Before CO2  After CO2  Reduction
Product Detected By MS at m/e Treatment Treatment Factor

Solvents 43 96800 1690 0.02
(THF, methylpentane, etc.) 41 132600 2650 0.02

57 90600 750 0.01

Indole 117 2020 1110 0.5
Cyclohexenimine 97 1600 970 0.5
Dicyclohexylurea 143 20 40 -

CO 28 165000 171000
CO2  44 62000 92000
H 2 0 18 62000 79000

**Within the limits of uncertainty, there was no reduction.

All of the polyisoimide samples of 17 > 0.5 did not melt below 260°C. Under the

processing conditions of 500 psi (3.45 MPa) and 230*C, they coalesced into semi-transparent
discs. Preliminary cure studies showed that poly(PMDA-BAPB) isoimide exhibited a small

differential between the isoimide Tg and the iminde Tg (after cure). The imide Tg was below
2750 C. By comparison, poly(6FDA-ODA) isoimide exhibited a Tg at 2500C and underwent

cure to yield the corresponding imide that showed a Tg of 336*C. The results on the

physiochemical evaluation of polyisoimides will be the subject of another AFWAL report.

Polyisoimide With IMC Capability

It was apparent from preliminary cure studies that high molecular weight polyisoimides

do not melt to a fluid state at temperatures below 260°C. The best Tg advancement provided

by the thermal conversion of isoimide to imide was approximately 75°C. In theory, an
isoimide polymer derived from 2,2-bis[4-(3,4-dicarboxythiophenoxy)phenyl]hexafluoropro-

pane dianhydride (BFTDA) and 5,5'-diamino-2,2'-bis(phenylethynyl)biphenyl (92) (vide
supra) could have the added benefit of a second cure (rigidization) mechanism by virtue of
the now well-known IMC reaction.
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Both monomers were synthesized for the eventual polymerization studies. The prelimi-
nary set of experiments did not yield polymers of appreciable inherent viscosities. This set
back was attributed probably to the inherent difficulties in the synthetic methods in yielding
high purity materials.
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SECTION III

EXPERIMENTAL

General Data

Infrared spectra were recorded on either a Beckman Acculab 6 spectrometer or a Nicolet
MX-l Fourier transform spectrometer. Liquid chromatography was performed using a Beck-
man Model 345 ternary liquid chromatograph. Proton magnetic resonance spectra were
recorded on either a Varian EM-360L spectrometer or a Varian FT 80-A Fourier transform
spectrometer. Carbon magnetic resonance and 250-MHz proton magnetic resonance spectra
were obtained using a Bruker WM-250 Fourier transform spectrometer. Mass spectral analy-
ses were performed using a Finnigan OWA/1000 GC-MS spectrometer equipped with a 30-
meter SE-54 fused silica capillary, I.D. 0.25 mm. Microanalytical services were provided by
Galbraith Laboratories, Inc., Knoxville, Tennessee and MicAnal Organic Microanalysis, Tuc-
son, Arizona. Thermogravimetric-Mass Spectrometric (TGA-MS) analyses were performed by
Systems Research Laboratories, Inc., Dayton, Ohio.

Differential scanning calorimetric (DSC) analyses were performed using either a DuPont
901 cell with a DuPont 990 thermal analyzer, or a DuPont 910 DSC cell in conjunction with a
DuPont 1090 thermal analyzer. Thermomechanical analyses (TMA) were performed on either
the DuPont 941 TMA module with the DuPont 990 thermal analyzer, or the DuPont 943 TMA
module with the DuPont 1090 thermal analyzer. Thermogravimetric analyses (TGA) were
performed on either the DuPont 950 TGA module with the DuPont 990 thermal analyzer, or
the DuPont 951 TGA module with the DuPont 1090 controller.

Gel permeation chromatography (GPC) was performed using a Model 112 solvent delivery
system, appropriate microspherogel columns, and a model 160 ultraviolet absorbance detec-
tor, all supplied by Beckman Instruments. GPC calculations were obtained on a Hewlett-
Packard 85 microcomputer connected to the absorbance detector through a 760 series A/D
converter supplied by Nelson Analytical; the software 390T Rev. 2.0, on cassette, was also
supplied by Nelson Analytical.

1,2-Diacetamidobenzene

A slurry of 50.0 g (0.46 mole) of ortho-phenylenediamine in 330 ml of water was treated

with 86 ml (79 g, 0.92 mole) of acetic anhydride. After the exotherm was spent, the mixture
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appeared beige yellow. The crystals were filtered, washed with cold water and dried at

lOO0 C/0.1 torr for 16 hr. The yield was 68.3 g (0.36 mole, 78.3%); mp 188-188.5°C [lit. value:

189-190°C (Reference 84), 185-186"C (Reference 85)]; IR (KBr) showed the presence of

carbonyl and NH absorptions; MS (70 eV) m/e 192 (molecular ion), 108 (base peak); 'H NMR

(CDCI;) 6 2.05 (s, 6H, NHCOCH,), 7.10 (m, 4H, aromatic) and 8.30 ppm (bs, 2H, NH).

4-Bromo- 1,2-diacetamidobenzene

' A solution of 53.9 g (0.280 mole) of 1,2-diacetamidobenzene in 300 ml of glacial acetic acid

was cooled at 0°C and treated by dropwise addition with a 40-ml volume of acetic acid

containing 44.8 g (0.280 mole) of bromine. The precipitate was difficult to stir and enough

methanol was added to maintain stirring. After complete addition, the mixture was allowed

to rise to ambient temperature, diluted with 2.5 liters of water and filtered. The white

voluminous precipitate was thoroughly dried at 80°C/0.1 torr for 16 hr. Recrystallization

from ethanol and subsequent drying at 80°C/0.1 torr for 4 hr gave 34.6 g (0.128 mole, 45.6%)

of white, fluffy crystals: mp 214-218°C; IR (KBr) showed the expected absorptions for C=O

and NH; MS (70 eV) revealed a slight contamination with the dibromo derivative; 'H NMR

(DMSO-d) 6 1.95 (s, 6H, COCH:.), 7.00-7.75 (m, 3H, aromatic) and 9.40 ppm (bs, NH).

Elemental analysis showed a high bromine value.

Anal. for C,, H,, Br N20 2 (271.13):

Calculated: C, 44.42; H, 4.07; N, 10.36; Br, 29.29.
Found: C, 43.93; H, 4.00; N, 10.04; Br, 32.58.

-': Formation of 4-Acetamido-6-bromo-2-methylbenzoxazole and 2-Acetamido-5-bromo-1,4-ben-
zoquinone. Reaction of 4-Bromo-1,2-diacetamidobenzene with Thallium[III] Trifluoroacetate

• Under argon, 40.6 g (7.50 mmoles) of thallium[III] trifluoroacetate (TTFA) was weighed
out and dissolved in 35 ml of trifluoroacetic acid. The solution was then quickly added to 4.05

S-g (15.0 mmoles) of 4-bromo-1,2-diacetamidobenzene under argon. The red-brown reaction

mixture was stiffed and heated at reflux (73°C) for 2 hrs in the dark. Half of the trifluoroace-
tic acid solvent was removed by distillation and the concentrate was poured into 200 ml of

water. The aqueous mixture was then extracted four times with 50-ml portions of chloroform.

The chloroform extracts were combined, washed with 200 ml of saturated aqueous sodium

bicarbonate and then with 200 ml of water, and dried over anhydrous magnesium sulfate.

After solvent removal, the solid residue was extracted with ether to separate the soluble
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products from the unreacted starting material. The impure product mixture was then purified
by silica gel column chromatography to give first 110 mg (0.453 mmole, 3.02%) of pure 2-

acetamido-5-bromo-l,4-benzoquinone (L7) in the chloroform eluate and then 1.00 g (37.2
mmoles, 24.8%) of pure 4-acetamido-6-bromo-2-methylbenzoxazole (L6) in the 1 : 1 chloro-

form-ether eluate. No reaction occurred when the reactant mixture was stirred for 2 hrs at 20

to 25'C. Extension of the reflux period to 24 hrs did not increase the yield of products. When

double the theoretical amount of TTFA was used, the yields were not increased, but there was
-* a larger amount of highly colored impurities. Washing the chloroform extracts with saturated

,. aqueous sodium bicarbonate was absolutely necessary, for no pure product was isolated when

the washing was omitted.

Compound L6 was isolated as a white crystalline solid and gave a positive Beilstein test;
mp 160.5-162°C; IR (KBr) 3300, 1680, 1630, 1530, 1400 and 1270 cm '; MS (70 eV) m/e 268,
270 (molecular ions); 'H NMR (CDCIj) 6 2.32 (s, 3H, COCH:,), 2.67 (s, 3H, CH:; C=N-), 7.38

(d, 1H, J = 2 Hz, Hr), 8.15 (broad s, IH, NH), and 8.48 ppm (d, 1H, J = 2 Hz, H,).

Anal. for C,,, H., Br N., 0., (269.11):

Calculated: C, 44.63; H, 3.37; N, 10.41.
Found: C, 44.50; H, 3.65; N, 10.21.

Compound ,7 was crystallized from dichloromethane-hexane as lustrous golden platelets
which gave a positive Beilstein test; mp 186'C; IR (KBr) 3300, 1700, 1670, 1640, 1590, 1510,

and 1325 cm '; MS (70 eV) m/e 243, 245 (molecular ions); 'H NMR (CDCI:) 6 2.27 (s, 3H,
COCH,), 7.33 (s, 1H, H6), 7.83 (s, 1H, H:1), and 8.00 ppm (broad s, 1H, NH).

Anal. for C. H, Br NO,; (244.05):

Calculated: C, 39.37; H, 2.48; N, 5.74; Br, 32.74.
Found: C, 39.35; H, 2.50; N, 5.71; Br, 33.10.

Note: A recommended treatment of toxic thallium waste is as follows:

The glassware is first rinsed thoroughly with acetone and then with IN aqueous hydro-

" chloric acid. The combined washings are treated with concentrated ammonium hydroxide

and then with an aqueous solution of sodium sulfide. The wastes are transferred to a waste

container (labelled for toxic wastes) for removal from premises.

1,2-Bis(4-toluenesulfonamido)-4-bromobenzene

In a 2-liter flask fitted with a reflux condenser were placed 108.1 g (1.00 mole) of

o-phenylenediamine (MC & B), 400.4 g (2.10 moles) of 4-toluenesulfonyl chloride (Aldrich)
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and 500 ml of anhydrous pyridine. The mixture was heated at reflux for 2 hr, allowed to cool
and then poured into water with vigorous stirring. The solid obtained was filtered, washed

well with water and dried in air, yielding a total of 452 g of a greyish solid. Recrystallization

of one portion from glacial acetic acid afforded 184.9 g of purified product with a mp of
205.5-206.5°C. The remainder of the crude product was recrystallized from a large volume of

ethanol, yielding 141.7 g (mp 204-205.5°C). The combined yield of 1,2-bis(4-toluenesulfona-
mido)benzene was 326.6 g (0.784 mole, 78.4%).

F. Reverdin and P. Crepieux, Chem. Ber., 35, 314 (1902); Beilstein, XIII, 25 gave the mp as

201-2020C.

Into a 500-ml three-neck flask fitted with an addition funnel, a mechanical stirrer, and a
condenser were placed 83.2 g (200 mmoles) of 1,2-bis(4-toluenesulfonamido)benzene, 1 g of
anhydrous ferric chloride, and 1200 ml glacial acetic acid. The mixture was warmed to 90°C to

dissolve all the solid. The temperature of the stirred solution was maintained at 75-80'C and

the mixture was treated by dropwise addition with 36.8 g (230 mmoles) of bromine in 50 ml
glacial acetic acid over 15 minutes. The solution was stirred for 45 minutes longer without

heating, then cooled to ambient temperature, diluted with 2.5 liters of water and filtered to
give a reddish solid which was recrystallized from glacial acetic acid: yield, 53.4 g (107.8

mmoles, 53.9%); mp 196-199°C; IR (KBr) showed intense absorptions of NH groups; MS
(70 eV) m/e 495 (molecular ion); 'H NMR (DMSO-d 6) 5 2.40 (s, 6H, CH.), 7.04 (d, 1H, aromatic

H6), 7.18 (dXd, 1H, aromatic H3), 7.26 (bs, IH, aromatic Hi), 7.26, 7.41, 7.59, 7.72 (AB q, J 9
-• Hz, aromatic H's on tolyl), and 9.50 ppm (broad absorption, 2H, NH).

Anal. for C 0 H, Br N2 04 S2 (495.42):

Calculated: C, 48.48; H, 3.87; N, 5.66; S, 12.94; Br, 16.13.

Found: C, 49.41; H, 3.98, N, 5.74; S, 13.28; Br, 16.12.

Reaction of 1,2-Bis(4-toluenesulfonamido)-4-bromobenzene with Thallium[III]

Trifluoroacetate

Into a 250-ml three-neck flask equipped with a reflux condenser and magnetic stirrer were

placed 10.0 g (20.2 mmoles) of 1,2-bis(4-toluenesulfonamido)-4-bromobenzene and 22 ml of

trifluoroacetic acid (TFA). In a glove bag under argon atmosphere, 5.50 g (10.1 mmoles) of

thallium[III trifluoroacetate (TTFA) was measured out and dissolved in 35 ml of TFA. The
TTFA/TFA reagent was then transferred to an addition funnel which was positioned on the

three-neck flask. The dropwise addition of the thallium reagent to the substrate solution
caused the appearance of a dark red color. After the addition, the reaction flask was covered
with aluminum foil and was heated at reflux for 2 hrs. Most of the TFA solvent was removed
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by distillation and the concentrate was poured into 250 ml of water and extracted three times
with 75-ml portions of chloroform. The combined chloroform extracts were washed with 200
mil each of saturated sodium bicarbonate and water. After drying over anhydrous magnesium
sulfate, the chloroform solution was evaporated to leave a solid which was purified by silica
gel column chromatography with 1 : 9 methanol-dichloromethane as eluant. Several crops of
crystals were obtained that appeared to be the same material by thin-layer chromatography.

. One crop was recrystallized from hot aqueous acetic acid and dried at 100'C/0.1 torr, yielding
beige brown crystals, mp 215-216'C. The bulk of the eluted material upon recrystallization
from hot aqueous acetic acid gave a dark red crystalline solid, mp 205-212'C. A second
recrystallization from the same solvent with charcoal treatment raised the mp to 208.5-212'C.
The total yield of crystalline product was 7.42 g (15.1 mmole, 74.5%).

The crystalline product gave a positive Beilstein test and was identified as 7-bromo-2-
(4-tolyl)-4-(4-tolylsulfonamido)-1,2,3-benzoxathiazole 2-oxide (L8): IR (KBr) 3460, 1610, 1500,
1340, and 1175 cm '; MS (70 eV) m/e 492, 494 (molecular ions); 'H NMR (DMSO-d,) h 2.36 (s,
6H, CH.), 6.75-7.80 (m, 10H, aromatic) and 9.30 ppm (broad s, 1H, NH).

Anal. for C.,,, H17 Br N., 0, S., (493.40):

Calculated: C, 48.69; H, 3.52; Br, 16.20; N, 5.68; S, 13.00.
Found: C, 48.37; H, 3.86; Br, 15.97; N, 5.57; S, 13.01.

Attempted Telluration of 1,2-Diacetamidobenzene

Into a 250-ml three-neck flask equipped with a thermometer and a reflux condenser were
placed 10.0 g (52.0 mmoles) of 1,2-diacetamidobenzene and 20 ml of triglyme (bp 70'C/40

: torr, freshly distilled from sodium). Inside a glove bag and under argon, 7.02 g (26.0 mmoles)
of tellurium[IVi chloride was measured and transferred to the reaction flask with 20 ml of
triglyme. The mixture was quickly heated to 160'C and maintained at the same temperature
for 6 hr. The triglyme solvent was removed at 1 torr and the fine black solid residue gave an
unintelligible NMR spectrum. IR (KBr) indicated that no carbonyl absorption was present. No
further characterization was carried out.

* 4-Amino-3-nitrophenylmercuric Acetate and the Intermediate Oxy-Mercury Complex

Upon mixing a solution of 18.4 g (57.8 mmoles) of mercuric acetate in 75 ml of water with
a solution of 9.40 g (68.1 mmoles) of o-nitroaniline in 100 ml of ethanol, an orange red
precipitate formed instantaneously. A few drops of glacial acetic ,acid were added and the
mixture was heated to a gentle reflux. After 30 min, a reddish brown color developed. The
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mixture was then treated with 75 ml of glacial acetic acid. A dramatic change of color to
bright yellow took place. After cooling to room temperature and filtering, the bright yellow
solid appeared microcrystalline and was washed with cold ethanol and then with ether. The
product was thoroughly dried at 80*C/0.1 torr for 16 hr: yield, 20.4 g (51.4 mmoles, 89.0%);
mp >300C (blackening occurred at 270-275C); JR (KBr) 3480, 3360, 3340, 1635, 1580, 1500,
1260 cm ';'H NMR (DMSO-d6) 6 2.00 (s, 3H, COCH.1), 7.20 (q, 2H, aromatic H$H,, AB quartet),
7.40 (broad absorption, 2H, NH 2) and 8.05 ppmn (distorted s, 1H, aromatic H.).

In the absence of glacial acetic acid, the mixing of a solution of 4.20 g (30.4 mmoles) of

o-nitroaniline in 300 ml of ethanol and a solution of 9.60 g (30.2 mmoles) of mercuric acetate
in 100 ml of water yielded an orange red powdery precipitate which was isolated by filtration

and washed with ethanol and then with ether: yield, 6.60 g (13.9 mmoles, 91.4%); softened at

312-C, gradually turned black upon heating to 340C; IR (KBr) 3360, 1620, 1615, 1560, 1500,
1360 cm ';'H NMR (DMSO-d 6) S 6.47 (in, 1H, aromatic HH), 7.27 (in, 2H, aromatic H, and H.5),
7.82 (dXd, 1H, aromatic 1 ), and 8.10 ppm (broad s, s, NH).

Upon treatment with an aqueous solution of sodium sulfide, a sample of the orange red

oxy-mercury complex immediately dissolved and quickly yielded the black precipitate of
mercuric sulfide. This test showed inorganic mercury in the oxy complex.

3,3'-Dinitrobenzidine

A mixture of 4.00 g (10.1 mmoles) of 4-amino-3-nitrophenylmercuric acetate, 3.00 g (47.2
minmoles) of copper powder and 100 mg (0.56 mmoles) of palladium chloride in 125 ml of
anhydrous pyridine was deaerated with argon, heated at reflux for 24 hr, filtered while hot

through Celite and the solid residue was washed with 300 ml of warm benzene. The filtrate
was cooled and extracted two times with 500-mi portions of 15% aqueous ammonium

hydroxide, twice with 500-ml portions of 10% aqueous hydrochloric acid, twice with 500 ml
of water and then twice with 15% aqueous ammonium hydroxide. The organic fraction was

Sdried over anhydrous magnesium sulfate and concentrated to yield a red powdery solid. The

magnesium sulfate residue was extracted twice with 500 ml of boiling toluene. The combined
toluene extracts yielded another batch of red powder after solvent removal. The red powder

gave a sharp mp at 280 *C: yield, 950 mng (3.47 mmoles, 68.7%); JR (KBr) 3480, 3370, 1640, 1510,
1360, 1250 cm ';'H NMR (DMSO-dj) . 7.10 (d, 1H, aromatic Hs), 7.70 (dXd, 1H, aromatic Hj,
8.10 Kd IH, aromatic H2), and 7.45 ppm (bs, 2H, NH).

2,3'-Dibromobiphenyl

The procedure in Reference 90 was adopted. Into a flame-dried 500-mi three-neck flask

equipped with an addition funnel and a low-temperature thermometer and purged with
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argon were placed 25.0 g (0.106 mole) of 1,2-dibromobenzene and 250 ml of anhydrous
tetrahydrofuran. While the reaction mixture was cooled to -78°C, 34.4 ml (55.0 mmoles) of a
1.6M solution of n-butyllithium in hexane was transferred from the stock bottle to the
addition funnel using the double-tipped needle technique. At -78°C, dropwise addition of
the lithium reagent to the substrate solution was commenced and was maintained at such a
rate that the reaction temperature did not rise more than 5°C. The entire addition required
one hour. The mixture was then warmed to +5°C and hydrolyzed with 60 ml of IN aqueous
hydrochloric acid. The phases were separated and the aqueous phase was extracted four times

with 50-ml portions of ether. The combined organic extracts were dried over anhydrous
magnesium sulfate and concentrated to a viscous oil which crystallized upon cooling. Recrys-
tailization from absolute ethanol yielded 2 crops of white needles: yield, 13.4 g (42.9 mmoles,

80.9%); mp 79-80°C; MS (70 eV) mle 314, 312, 310 (molecular ions), 231,233 (loss of 1 Br), 152
(base peak, loss of 2 Br); 'H NMR (CDCI1.) 5 7.00-7.80 ppm (complex m, aromatic).

2,2'-Dibromo-3,3',5,5'-tetranitrobiphenyl

A 1-liter three-neck flask was charged with 77 ml of concentrated sulfuric acid and 130 ml
of 90% (fuming) nitric acid. The solution was heated under a gentle reflux while a solution of
11.6 g (37.2 mmoles) of 2,2'-dibromobiphenyl in 84 ml of concentrated sulfuric acid was
added dropwise. After the addition, the refluxing reaction mixture was treated by dropwise
addition with another solution of 95 ml of fuming nitric acid in 112 ml of concentrated
sulfuric acid. The final mixture was heated for an additional 4 hr, cooled, and poured into 1 li-
ter of ice water. A flocculent pale yellow solid was isolated by filtration and dried at 100°C/
0.1 torr for 8 hr. Recrystallization from acetone-methanol yielded pale yellow crystals: 17.7 g
(36.0 mmoles, 96.8%); mp > 300°C; IR (KBr) 3100, 1545, 1350 cm-1; MS (70 eV) m/e 494, 492,
490 (weak molecular ions), base peak at m/e 411; 1H NMR (DMSO-dl) 5 8.68 (d, 1H, J = 3 Hz,

aromatic C6) and 9.06 ppm (d, 1H, J = 3 Hz, aromatic C4).

Anal. for C,2 H4 Br 2 N4 0s (492.01):

Calculated: C, 29.29; H, 0.82; N, 11.39; Br, 32.48.
Found: C, 29.41; H, 0.82; N, 11.41; Br, 32.46.

2,2'-Dibromo-5,5'-dinitrobiphenyl

The literature procedure (Reference 92) was adopted. To a stirred solution of 6.43 g (20.6
mmoles) of 2,2'-dibromobiphenyl in 25 ml of dichloromethane was added 100 ml of concen-
trated sulfuric acid. The mixture was cooled at 0-5*C and then treated by dropwise addition
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with 30 ml of nitric acid (70% assay). The bath temperature was maintained at 0-5°C through
the addition. The resulting turbid yellow mixture was stirred at 25°C for 2 hr, poured into 1
liter of water and extracted three times with 200-ml portions of dichloromethane. The
combined organic extracts were dried over magnesium sulfate and concentrated to a yellow

- solid. Recrystallization from 1: 3 acetone-ethanol yielded pale yellow crystals: 5.40 g (13.4
mmoles, 65.2%); mp 220-221°C; IR (KBr) 3110, 3090, 1601, 1530 (intense), 1450, 1360 (intense)

cm '; 'H NMR (DMSO-d 6) 6 7.14 (s, 1H, aromatic H) and 6.90-7.30 ppm (distorted AB quartet,
". 2H, aromatic H and H).

The mother liquor from the recrystallization process yielded a second powdery solid
which by 'H NMR was 2,2'-dibromo-3,5'-dinitrobiphenyl, mp 117-119°C.

2,2'-Diiodobiphenyl

To a solution of 40.0 g (0.128 mole) of 2,2'-dibromobiphenyl in 200 ml of anhydrous ether
at 00 C was added dropwise 176 ml of a 1.6M solution of n-butyllithium in hexane. The
mixture was stirred at 250C for 2 hr, cooled to 0°C and treated with 72 g of iodine in 300 ml of
anhydrous ether. At the end, the mixture acquired a brown tint indicating a slight excess of
iodine. The solution was allowed to stand 16 hr at 25*C before washing with 300 ml each of
water, 20% aqueous sodium bisulfite, saturated sodium bicarbonate and then water. The

organic phase was finally separated, dried over anhydrous magnesium sulfate and concen-
trated to a white solid mass. Recrystallization from methanol with charcoal treatment gave
41.5 g (0.102 mmoles, 79.9%) of white rhombic crystals, mp 107-108°C (a second recrystalliza-
tion raised the mp to 109-110 0 C); 'H NMR (CDCI3) 6 6.96-7.56 (symmetrical multiplet, 3H,
aromatic H4, Hs, H) and 7.05 ppm (distorted doublet, 1H, J's = 8.0 Hz, 1.0 Hz, aromatic H1-).

Attempted Synthesis of 2,2'-Diiodo-5,5'-dinitrobiphenyl by Nitration with Nitric Acid

A solution of 6.60 g (13.3 mmoles) of 2,2'-diiodo-5,5'-dinitrobiphenyl in 25 ml of dichloro-
methane was mixed with 50 ml of concentrated sulfuric acid. Stirred at 0°C, the mixture was
treated by dropwise addition with 20 ml of 70% nitric acid. The mixture turned dark brown.

. After 2 hr at 25°C, it was diluted with 1 liter of water and extracted three times with 100-ml
* portions of dichloromethane. The combined extracts were dried and concentrated. The

powdery solid (mp 280 0-283°C) obtained was not soluble in methanol and only very
sparingly soluble in dichloromethane.

The experiment was repeated at - 150C. The product isolated at the end of the work-up
process was again not soluble in methanol or dichloromethane. The iR spectrum showed
strong hydroxy and nitro absorptions.
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2,2'-Diiodo-5,5'-dinitrobipheny

a. Mixture of Nitronium Triflate and Hydronium Triflate as Nitrating Agent

Into a flame-dried, argon-purged three-neck flask were placed 50 ml of anhydrous
dichloromethane, 4.0 ml (6.5 g) of trifluoromethanesulfonic acid and then 1.0 ml (1.4 g) of
anhydrous nitric acid (freshly distilled from sulfuric acid). The slurry was stirred at 25°C for
30 min, cooled to 0°C, and then treated with 3.9 g (9.6 mmoles) of 2,2'-diiodobiphenyl in
20 ml of anhydrous dichioromethane. The mixture was allowed to warm to 25*C over 2.5 hrs,
and was poured into 200 ml of water. The organic phase was separated, washed with 2 X 100
ml of saturated sodium bicarbonate solution and then with water, dried over anhydrous
magnesium sulfate and concentrated to give 4.2 g (89%) of crude dinitro derivative. Recrystal-
lization from 10% acetone in ethanol yielded 2.85 g (5.75 mmoles, 60.0%) of pale yellow
crystalline product: mp 236-238°C; IR (KBr) 1596, 1555, 1514 (intense), 1346 (intense), 1020,
1010, 854, 832, 740 cm ';'H NMR (DMSO-d,,) 88.01, 8.15 (dXd, 1H, J's = 8 Hz, 3 Hz, aromatic
H:) 8.30, 8.44 (dXt, 1H, J's = 9 Hz, 3 Hz, 0.5 Hz, aromatic H4) and 8.15 ppm (s, 1H, aromatic
H6). The splitting pattern is an ABC system.

Anal. for C12 H6 12 N2 0. (496.00):

Calculated: C, 29.06; H, 1.22; N, 5.65; I, 51.17.

Found: C, 29.08; H, 1.32; N, 5.49; I, 51.29.

The mother liquor obtained from recrystallization contained a mixture of the 5,5'-dinitro
and the 3,5"-dinitro isomers as evident from NMR and HPLC analyses.

b. Homogeneous Nitronium Triflate Reagent

Into a flame-dried, argon-purged three-neck flask were placed 40 ml of anhydrous
dichloromethane, 3.9 ml (7.1 g, 25 mmoles) of trifluoromethanesulfonic anhydride and then
1.1 ml (1.7 g) of anhydrous nitric acid. The mixture remained homogeneous. After 10 min at
25*C, the solution was cooled to 00 C and treated by dropwise addition with a deaerated
solution of 50 g (12 mmoles) of 2,2'-diiodobiphenyl in 30 ml of anhydrous dichloromethane.
The reaction was allowed to proceed for 14 hr at 25*C. The mixture was then poured into
500 ml of water and the organic phase was separated, washed with 100 ml of saturated sodium
bicarbonate solution and 100 ml of water. After drying over anhydrous magnesium sulfate
and solvent removal, a pale yellow solid residue was obtained. Recrystallization from ac-
etone-ethanol yielded pale yellow crystals: 3.8 g (7.7 mmoles, 64%); mp 236-238*C, 239-
241*C. 'H NMR spectrometry ascertained the 5,5'-dinitro substitution pattern. High perfor-

mance liquid chromatography showed that tl-o compound was 97% isomerically pure.
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2,2'-Bis(phenylethyny)-5,5'-dinitrobipheny.Phenylethynylation of 2,2'-Diiodo-5,5'-

dinitrobiphenyl with Copperll Phenylacetylide

A mixture of 1.986 g (4.004 mmoles) of 2,2'-diiodo-5,5'-dinitrobiphenyl and 1.400 g (8.509
mmoles) of copperll phenylacetylide in 50 ml of deaerated anhydrous pyridine was heated
from 25°C to Il0°C over 1 hr and kept at a gentle reflux for 16 hr. The mixture was diluted by
pouring it into 500 ml of 10% aqueous hydrochloric acid and extracted three times with 100-
ml portions of dichloromethane-ether. The combined organic extracts were dried over anhy-

drous magnesium sulfate and concentrated to a solid. Recrystallization from toluene gave

light weight, bright yellow micro needles, 1.108 g (2.50 mmoles, 62.3%): mp 216-216.5°C; IR

(KBr) 2200, 1600, 1572, 1494, very strong and broad NO2 absorptions at 1515, 1340, 1350 cm-';
MS (70 eV) m/e 444 (molecular ion); 'H NMR (CDCI:I) 6 7.30 (distorted s, 5H, C=c-Ph), 7.86

(d, lH, J = 9 Hz, aromatic H3), 8.35 (dXd, lH, J's = 9 Hz, 2Hz, aromatic H,) and 8.55 ppm (d,
1H, J = 2 Hz, aromatic H6).

Phenylethynylation of 2,2'-Dibromo-5,5'-dinitrobiphenyl with Coppertli Phenylacetylide

A deaerated mixture of 2.20 g (5.47 mmoles) of 2,2'-dibromo-5,5'-dinitrobiphenyl and
1.90 g (11.5 mmoles) of copper[I] phenylacetylide in 50 ml of anhydrous pyridine was heated
from 25°C to 110°C for over 30 minutes and kept at 110°C for 24 hours under argon. The

black mixture was diluted with an equal volume of dichloromethane and concentrated to a
viscous syrup. Silica gel column chromatography yielded white crystalline 1,4-diphenylbuta-
diyne (mp 85-86°C) in the hexane eluate and a yellow solid in the 1:2 dichloromethane-

hexane eluate. The yellow solid was recrystallized from 1:1 hexane-benzene to give 500 mg

(1.13 mmoles, 20.6 percent) of bright yellow needle-like crystals of 2,2'-bis(phenylethynyl)-
5,5'-dinitrobiphenyl: mp 216-216.5°C. The IR and 'H NMR spectra were identical to those of
an authentic sample.

Palladium-catalyzed Phenylethynylation of 2,2'-Dibromo-5,5'-dinitrobiphenyl

At 50°C, a partial solution of 5.40 g (13.4 mmoles) of 2,2"-dibromo-5,5'-dinitrobiphenyl and
* ,3.00 g (29.4 mmoles) of phenylacetylene in 140 ml of deaerated 3:1 toluene-triethylamine was

treated by sequential addition of 25 mg (0.036 mmole) of dichlorobis(triphenylphosphine)

palladium(III, 300 mg (1.15 mmoles) of triphenylphosphine and 25 mg (0.132 mmole) of

"' copper[I] iodide. The mixture was quickly heated to 100°C over 10 minutes. At this point, a
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clear yellow solution was obtained. After 30 minutes, the solution gradually changed to a red-
orange color and a precipitate began to accumulate. After 2 hours, the supernatant liquid
turned dark reddish brown. Without cooling, the mixture was filtered. The brown solid mass
was washed with boiling toluene until the solid changed into a fluffy white consistency. This
white solid was soluble in cold water and had an IR spectrum identical tothat of triethyla-
mine hydrobromide: yield, 4.40 g (92% of theory). The orange brown filtrate yielded orange

yellow crystalline material, which was recrystallized from toluene to give golden yellow
needles. The product was obtained analytically pure by silica gel column chromatography,
with 1:1 hexane-dichloromethane as eluant: yield, 3.40 g (7.66 mmoles, 57.1%); mp > 310°C;
IR (KBr) 2180 (medium), very strong absorptions at 1515 and 1340 cm-'; MS (70 eV) m/e at
444 (molecular ion); 'H NMR (pyridine-d5 , 57°C) 6 6.79 (d, 1H, J = 8.7 Hz, fluorenyl H8 ), 7.20-
7.78 (3 m's, 10H, H's on pendent phenyls), 7.90 (d X d, 1H, J's = 8.7, 2.1 Hz, fluorenyl H7 ),
8.48 (d X d, 1H, J's = 8.6, 2.1 Hz, fluorenyl H2), 8.89 (d, 1H, J = 2.1 Hz, fluorenyl H5), 8.97 (d,
1H, J = 2.1 Hz, fluorenyl H.,), and 9.14 ppm (d, 1H, J - 8.6 Hz, fluorenyl H').

Anal. for C28 H,6 N2 04 (444.45).

Calculated: C, 75.67; H, 3.63; N, 6.30.
Found: C, 75.59; H, 3.69; N, 6.24.

Another experiment, using the same quantities of reactant, 17.63 mg of palladium[Ill

acetate and 65.52 mg of tris(o-tolyl)phosphine, led to the isolation of 3.20 g of the same
orange yellow crystalline product, mp > 315*C.

A further experiment using 2,2'-diiodo-5,5'-dinitrobiphenyl as starting material gave a
68% yield of the same yellow crystalline product (mp > 315*C) as above, identified by IR, MS
and NMR analyses.

Palladium-catalyzed Phenylethynylation of 2,2'-Diiodobiphenyl

A deaerated solution of 4.060 g (10.00 mmoles) of 2,2'-diiodobiphenyl and 2.261 g (22.20

mmoles) of phenylacetylene in 120 ml of anhydrous triethylamine was treated with a catalyst

mixture comprising 46.2 mg of dichlorobis(triphenylphosphine)palladiumll, 87.3 mg of

triphenylphosphine and 70.2 mg of copper[I iodide. The cloudy yellow solution was stirred
at 25°C for 10 minutes and gradually heated to 80'C over 30 minutes. At an internal
temperature of 50*C, a flocculent white precipitate began to accumulate. The mixture was
maintained at 80-85°C for 3 hours, then cooled, diluted with an equal volume of ether and
filtered. The recovery of 4.123 g (90.0 % of theory) of white triethylamine hydriiodide
indicated that the reaction was 90 percent completed.
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The yellow filtrate was concentrated to yield a solid residue which was recrystallized from
hexane to give 2 crops of yellow crystals, totalling 2.757 g (7.70 mmoles, 77.9%) of 3-(fluoren-
9-ylidene)-1,3-diphenylpropyne. Analytically pure, brilliant yellow crystals were obtained
after chromatography through a silica gel column, eluting with 2 liters of 10% dichloro-
methane in hexane; the recovery after chromatography was 2.362 g (85.7%): mp 116-116.5*C;
IR (KBr) 2200 (weak), 1505, 1460, 790, 765, 740, and 700 cm'; MS (70 eV) m/e 354 (molecular
ion), 276 (M+ - C6H 5), 252 (M+ - C6HsC-C); 250-MHz 'H NMR (CDCI,) 5 6.47 (d x d, 1H, J's
- 0.8, 8.0 Hz, fluorenyl Hi), 6.85 (d x d x d, 1H, J's - 1.0, 8.0, 8.0 Hz, fluorenyl H7), 7.18 (d x d
x d, IH, J's = 0.8, 7.5, 8.0 Hz, fluorenyl H6), 7.32-7.60 (overlapping m's, 12 H, fluorenyl H2, H1
and phenyl H's), 7.62 (d, IH, J = 7.5 Hz, fluorenyl H3), 7.68-7.70 (m, 1H, fluorenyl HJ, and
8.60-8.90 ppm (m, 1H, fluorenyl H,); "'C NMR (CDCI3) 6 140.61, 140.56, 140.50, 140.15, 138.41,
137.78, 131.84, 129.22, 129.04, 128.70, 128.60, 127.57, 126.84, 125.71, 125.12, 123.47, 123.11,
119.63, 119.60, 102.46, and 92.24 ppm.

Anal. for C s Hi (354.45):

Calculated: C, 94.88; H, 5.12.
Found: C, 94.59; H, 5.36.

9-(Phenylethynyl)phenanthrene

9-Jodophenanthrene was synthesized from its bromo analog by the conventional lithia-
tion-iodination method. To a deaerated solution of 25.7 g (100 mmoles) of 9-bromophenan-
threne in 175 ml of anhydrous ether at 0°C was added dropwise 87.0 ml of a 1.5M n-
butyllithium solution in hexane. The resulting mixture was kept at 00 C for 30 minutes and
then warmed to 25*C. After 2 hours at 25°C, the mixture was cooled again to 00 C and treated
with a solution of 33 g of iodine in 250 ml of anhydrous ether. The mixture was warmed to
25*C and kept at 25*C for 2 hours. The mixture was then washed with 300 ml each of water,
20% sodium bisulfite solution, and then water again. The ether phase was dried over
anhydrous magnesium sulfate and concentrated to a solid, which was recrystallized from

*, 'hexane to give fluffy crystals: 21.3 g (70.1 mmoles, 70.1%); mp 92*C (lit. mp 91-92°C); IR
(KBr) weak absorptions at 1635, 1618, 1490, 1450, 1370, 1270, 1190, 900, 880, 845, and intense
absorptions at 745 cm-'; 'H NMR (CDCI13) 6 7.45-7.80, 8.05-8.30, 8.40-8.65 (three m's, 8H,
aromatic H, to H) and 7.39 ppm (s, IH, aromatic H,).

Anal. for C,4 H I (304.13):

Calculated: C, 55.29; H, 2.98; I, 41.73.

Found: C, 55.10; H, 2.99; I, 41.93.
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A deaerated solution of 2.49 g (8.19 mmoles) of 9-iodophenanthrene in 100 ml of anhy-

drous triethylamine containing 22.6 mg of palladium[II] acetate, 62.1 mg of triphenylphos-

phine and 1.17 g (11.5 mmoles) of phenylacetylene was heated to 80-850 C for 18 hours. The

mixture was cooled, mixed with 100 ml of ether, and filtered to remove 1.69 g (7.38 mmoles,

90.1%) of triethylamine hydroiodide.

The filtrate was washed with 100 ml each of 10% hydrochloric acid, water, saturated

sodium bicarbonate solution, and water again. The organic phase was separated, dried over

*. anhydrous magnesium sulfate and concentrated. Column chromatagraphy through silica gel,

eluting with hexane, yielded an off-white, light weight fibrous solid: yield, 1.00 g (3.60

mmoles, 44.0%); mp 114-114.50C; IR (KBr) 3070, 1600, 1495, 1455, 1445, 1425, 1385 and 745

cm '; MS (70 eV) m/e 278 (molecular ion); 'H NMR (CDCI.I) 5 7.32-7.45 (m, 1OH, phenanthryl

* H2-Hg and phenyl H.,, H4, Hs protons), 8.10 (s, 1H, phenanthryl H9 ) and 8.45-8.90 ppm (m, 3H,

phenanthryl H, and phenyl H2, H6 ). "C NMR (CDCI.) 5 132.00, 131.90 (2), 131.44, 131.32,

130.46, 130.31, 128.70, 128.64 (2), 127.58, 127.21, 127.09, 123.61, 122.96, 122.77, 119.82, 94.18,

and 88.03 ppm.

Anal. for C2 H.4 (278.35):

Calculated: C, 94.93; H, 5.07.

Found: C, 94.73; H, 5.07.

9-(3-Phenyl-2-propynylidene)fluorene

To a Schlenk tube charged with 3.77g (8.25 mmoles) of (3-phenyl-1,2-propadienyl)tri-

phenylphosphonium bromide in 50 ml of anhydrous tetrahydrofuran (THF) at -78*C, was

added 11.0 ml of a LOM solution of n-butyllithium in hexane. The mixture was stirred at

-78°C for 30 min. and was treated by dropwise addition with a solution of 1.30 g (7.22

- mmoles) of 9-fluorenone in 10 ml of anhydrous THF. The resulting mixture was stirred at

-78*C for another 30 min and then warmed to 25°C over I hr.

Thin layer chromatography (silica gel plate, hexane eluant) of the reaction mixture

indicated the presence of two products in addition to triphenylphosphine oxide and unreact-

ed fluorenone. The reaction mixture was stirred for 30 hr at 25°C and then heated at reflux

for 2 hr. The progress was followed by thin layer chromatography at appropriate intervals.

No appreciable change from the results of the initial thin layer chromatography was appar-

. ent. The mixture was worked up by diluting with 100 ml of 10% hydrochloric acid and

extracting with 3 x 50 ml of ether. The combined ether extracts were dried over anhydrous
magnesium sulfate and concentrated to an oil. Chromatographic separation through a silica

gel column, eluting with hexane, gave two fractions of 200 ml each.
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Fraction 1 contained 100 mg (0.455 mmoles, 6.30%) of 9-(l-butylidene)fluorene: mp 49-
50*C; MS (70 eV) m/e 220 (molecular ion); 'H NMR (CDClj) 6 1.05 (distorted t, 3H, J = 7.0
Hz, CH.J, 1.70 (broad sextet, 2H, J - 7.0 Hz, -CH2CH2CH:j, 2.77 (q, 2H, J = 7.0 Hz,

-CHCHCHj, 6.50 (t, IH, J - 7.0 Hz, vinylic), 7.13-7.40, and 7.47-8.00 ppm (2 m's, 8H,
aromatic).

Fraction 2 contained the desired 9-(3-phenyl-2-propynylidene)fluorene: 72.0 mg (0.271
mmoles, 3.75%); IR (KBr) 3060, 2180, 1620, 1600, 1490, 1445, 772, 752, 728 and 690 cm '; MS
(70 eV) m/e 266 (molecular ion); 250-MHz 'H NMR (CDC1) 6 6.88 (s, 1H, vinyl), 7.38-7.55

(overlapping m, 7H, fluorenyl H2, H1, H,, H7 and phenyl H:, H4, H5), 7.69-7.75 (m, 2H,
fluorenyl H4, Hs), 7.74-7.85 (m, 3H, fluorenyl Ho and phenyl H2, H), and 8.66-8.74 ppm (m,
IH, fluorenyl H,). "C NMR (CDC11 ) 3 144.60, 141.10, 139.72, 138.60, 137.33, 131.94, 129.56,
129.35 (2), 129.09, 128.86 (2), 127.72, 127.44, 125.25, 123.67, 120.60, 120.12, 119.98, 103.94,
101.12, and 88.96 ppm.

Phenyl-ds-acetylene

A deaerated solution of 19.85 g (122.6 mmoles) of bromobenzene-ds and 18.00 g (183.7
mmoles) of ethynyltrimethylsilane in 50 ml of anhydrous triethylamine was treated with 30
mg of palladium[ll] acetate and 100 mg of triphenylphosphine. The mixture was heated at
100°C under argon for 24 hr., cooled to 25°C, diluted with an equal volume of ether and
filtered. The recovery of the triethylamine hydrobromide (7.418 g, 40.76 mmoles) indicated
only a 33.2% conversion had been realized.

The brown filtrate was concentrated to an oil and passed through a short column of silica
gel, eluting with 100 ml of hexane. The eluate was concentrated to a pale yellow oil.
Distillation of the oil under reduced pressure gave two fractions. Fraction 1 (bp 40-50°C/8

"* torr) was recovered benzene-ds. Fraction 2 (bp 53-60° C/I torr) was an orange-yellow viscous
oil identified as phenyl-ds-ethynyltrimethylsilane; yield, 7.055 g (39.41 mmoles, 32.2% based

on original amount of bromobenzene-d, or 96.7% based on % coversion); IR (film) 2980, 2300,

2175, 1270 and 870 cm-'; 'H NMR (CDC13) 6 0.20 ppm.
The silane was dissolved in 25 ml of anhydrous methanol and treated with 100 mg of

anhydrous potassium carbonate. The mixture was stirred under argon at 25*C for 5 hr. The
solvent was removed and the residue was taken up in 50 ml of ether and extracted with 50 ml
of water. The ether portion was separated, dried over magnesium sulfate and concentrated by
distilling off the solvent. The residual oil was then distilled at I ton into a cold trap chilled at
-78 0 C. The yield was virtually quantitative. Identification of the product as the expected
phenyl-ds-acetylene was based on its IR (3300, 2300, 2175 cm - ') and 'H NMR (in CDCI,
singlet at 6 3.08 ppm) spectra.
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Palladium-catalyzed Reaction of 2,2'-Diiodobiphenyl with Phenyl-dS-acetylene

A deaerated mixture of 650 mg (1.60 mmoles) of 2,2'-diiodobiphenyl, 420 mg (3.93
mmoles) of phenyl-di-acetylene, 10 mg of palladium[II] acetate and 50 mg of triphenylphos-
phine in 25 ml of anhydrous triethylamine was heated under argon at 100°C for 24 hr. The

mixture was then cooled, mixed with an eual volume of ether and filtered to remove 682 mg
(2.98 mmoles, 93.1% of theory) of trietnylamine hydroiodide. The filtrate was concentrated

and purified by column chromatography through silica gel. Fraction 1 (500 ml hexane)
yielded 340 mg of crystalline 1,4-diphenylbutadiyne, mp 85-86*C. Fraction 2 (500 ml hexane)
contained a trace amount of oily material which was not characterized. Fraction 3 (500 ml

hexane) contained a trace quantity of a mixture and was discarded. Fraction 4 (1 liter hexane)
yielded 65 mg (0.18 mmole, 11.2%) of a crystalline yellow solid, which was identified as the

dj. analog of 3-(fluoren-9-ylidene)-1,3-diphenylpropyne: mp 114 0 C; IR (KBr) 3060, 2270, 2180,
1575, 1495, 785 and 730 cm-'; the 250-MHz 'H NMR spectrum showed that the splitting
patterns of the protons were identical to those of the fluorenyl protons of the undeuterated

*.. compound, 3-(fluoren-9-ylidene)-1,3-diphenylpropyne. Double resonance NMR experiments
- . performed on this deuterated compound unequivocally established the chemical shift for

each and every proton on the fluorenyl skeleton (see Table 1).

Diethyl (Fluoren-9-yl)phosphonate

A mixture of 4.70 g (19.2 mmoles) of 9-bromofluorene and 3.50 g (2.11 mmoles) of triethyl
phosphite was heated at 160°C for 1 hour. The oil was passed through a short silica gel

column, eluting with hexane. The filtrate was evaporated to dryness to yield 3.70 g (12.3
mmoles, 64.1%) of diethyl (fluoren-9-yl)phosphonate as a colorless oil: IR (film) 3010, 1490,

1460, 1260, 1175, 1060, 1040, and 975 cm-'; 'H NMR (CDCI1 ) 6 1.07 (t, J = 7.0 Hz, 6H,
OCH2CH3), 2.34 (2 overlapping q's, J's - 7.0 Hz, 4H, OCHAHBCH3), 4.27, 4.78 (d, 1H,
JI. : - 31.0 Hz, fluorenyl H9), 7.30-7.53 and 7.70-8.10 ppm (2 m's, aromatic).

Diethyl [3-(Fluoren-9-ylidene)-1,3-diphenylpropen-1-ylJ Phosphate

To a slurry of 400 mg of a 50% oil dispersion of sodium hydride (8.33 mmoles) in 15 ml of
anhydrous tetrahydrofuran (THF) at 00 C was added a solution of 2.00 g (6.62 mmoles) of

diethyl (fluoren-9-yl)phosphonate in 10 ml of anhydrous THF. Gas evolution was instanta-
neous. After 30 min., a solution of 1.50 g (7.28 mmoles) of 1,3-diphenylpropynone in 10 ml of

' anhydrous THF was added. The mixture turned dark red and was heated at reflux for 2 hours.
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The mixture was then cooled to 25*C and diluted with 100 ml of water. The yellow light

weight solid was isolated by filtration and air dried. Purification by filtration through neutral

alumina, followed by recrystallization from hexane, gave 3.33 g (6.56 mmoles, 99.0%) of

yellow crystals of cis,trans-diethyl [3-(fluoren-9-ylidene)-1,3-diphenylpropen-1-ylI phos-

. phate: mp 146-150*C; IR (KBr) 3080, 3000, 2940, 1605, 1580, 1460, 1070, 1040 and 780 cm_';

MS (70 eV) m/e 508 (molecular ion), 354 (Mt -(CH3CH 20)P(O)OH, base peak); 250-MHz 'H

NMR (CDCI,) 6 1.00 (overlapping t's, 6H, O-CH2CH3), 3.50-4.50 (overlapping q's, 4H, 0-

• CHAHs-CHI.), 6.40 (d, 1H, fluorenyl Ha), 6.80 (t x d, IH, fluorenyl H?), 7.00 (distorted t x d, 1H,

fluorenyl Hs), 7.06-7.20, 7.25-7.40, 7.44-7.65 (3 sets of m's, 14H, phenyl protons and fluorenyl

H2,H3,H4,H 3), 8.17-8.27 (m, 1H, fluorenyl H) and 11.0 ppm (bs, 1H, hydrogen bonded vinyl

H).

Anal. for Cj2H2O94P (508.53):

Calculated: C, 75.63; H, 5.75; P, 6.09.
Found: C, 75.86; H, 5.92; P, 6.27.

Thermal Decomposition of Diethyl [3-(fluoren-9-ylidene)-1,3-diphenylpropen--yl]
Phosphate

A deaerated solution of 1.00 g (1.97 mmoles) of diethyl [3-(fluoren-9-ylidene)-1,3-diphen-

ylpropen-1-yl phosphate in 20 ml of N,N-dimethylacetamide was heated at 140°C for 4 hr.
Thin layer chromatography (silica gel plate, 1:1 dichloromethane-hexane) showed the pres-

ence of starting material and a new yellow component.

Heating at 120*C for 100 hr did not seem to effect complete conversion, as judged by the

persistent presence of the starting material on the thin layer chromatogram.

The mixture was diluted with 100 ml of water and extracted with 2 x 50 ml of ether. The

combined ether extracts were dried over anhydrous magnesium sulfate and concentrated to a

brown gummy solid.

Column chromatography through silica gel, eluting with 1:4 dichloromethane-hexane,

yielded 70.1 mg (0.198 mmoles, 10.1%) of 3-(fluoren-9-ylidene)-1,3-diphenylpropyne: mp

115-116°C; IR and 'H NMR spectra were identical to those of an authentic sample.

2-Iodo-2'-(phenylethynyl)biphenyl

A deaerated slurry of 6.726 g (16.57 mmoles) of 2,2-diiodobiphenyl and 2.690 g (17.40

mmoles) of copper phenylacetylide in 100 ml of anhydrous pyridine was heated at reflux

(115C) under nitrogen. Initially, the slurry was bright yellow. After 1 hr., it became a brown

96

~...-............ .......... . ,..-........... ,... .:' "-.- .=_



solution. The brown solution was heated for an additional 17 hr., cooled to 25°C, and diluted
with an equal volume of water. The precipitate that formed was taken up in 100 ml of
dichloromethane. The organic phase was separated and the blue aqueous phase was extracted
twice with 50-ml portions of dichloromethane. The combined organic extracts were dried
over anhydrous magnesium sulfate, filtered and evaporated to dryness.

Thin layer chromatography (silica gel plate, 1:2 dichloromethane-hexane) revealed the
presence of four components. Column chromatography through a silica gel column afforded
eight one-liter fractions. Fraction 1 (hexane eluant) yielded 2.022 g (4.980 mmoles, 30.1%
recovery) of 2,2'-diiodobiphenyl, mp 107-108'C. Fractions 2, 3 and 4 (hexane eluant) yielded
a total of 2.622 g (6.900 mmoles, 41.7%) of the desired 2-iodo-2'-(phenylethynyl)biphenyl, mp
81-82°C. Fraction 5 (hexane eluant) yielded 55 mg (0.17 mmoles, 1.0%) of 9-phenyldibenz-

Ia,canthracene, mp 231-232*C. Fraction 6 (hexane eluant) yielded 606 mg (1.71 mmoles,
10.3%) of 2,2'-bis(phenylethynyl)biphenyl, mp 118-119°C. Fractions 7 and 8 (1:2 dichloro-
methane-hexane) yielded only trace amounts of impure solids and were discarded.

2-Iodo-2"-(phenylethynyl)biphenyl: mp 81-82°C; IR (KBr) 3060, 2220, 1600, 1496, 1459,
* 1442, 1428, 1107, 1000, 755 and 689 cm-'; 'H NMR (CDC11 ) 6 6.85-7.70 (complex m, 12H,
* aromatic) and 7.92, 8.05 ppm (broad d, 1H, aromatic H3 on biphenyl unit).

Anal. for C2 0, H, ,I (380.23):

Calculated: C, 63.18; H, 3.45; I, 33.38.
Found: C, 63.00; H, 3.53; I, 33.11.

9-Phenyldibenz[a,cJanthracene: mp 231-232"C (lit. 235-236°C); IR (KBr) weak absorptions
at 3060, 1600, 1490, 1445, 1365, intense absorptions at 760, 720 and 705 cm - '.

Anal. for Cs Hs (354.45):

Calculated C, 94.88; H, 5.12.
Found: C, 94.61; H, 5.22.

2,2'-Bis(phenylethynyl)biphenyl: mp 118-119°C; IR (KBr) 3060, 2220 (weak), 1600, 1495,
1440, 755 (intense) and 690 cm- (intense); 250-MHz 'H NMR (CDCI,) 5 7.22 (bs, 1OH, H's on

*'I pendent phenyls), 7.37-7.41 (m, 4H, biphenylyl H4,H 4',H5,H3'), 7.52-7.56 (m, 2H,biphenylyl
H6,H6'), and 7.63-7.65 ppm (m, 2H, biphenylyl H3,H3'); '-C NMR (CDC13 ) 6 143.41, 132.19,
131.55 (2), 130.52, 128.35 (2), 128.17, 127.85, 127.61, 123.73, 123.08, 92.74, and 89.36 ppm.
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Anal. for Cu H,, (354.45):

Calculated: C, 94.88; H, 5.12.

Found: C, 95.19; H, 5.27.

Palladium-catalyzed Phenylethynylation of 2-1odo-2"-(phenylethynyl)biphenyl

A pale yellow solution of 800 mg (2.11 mmoles) of 2-iodo-2'-(phenylethynyl)biphenyl and

235 mg (2.30 mmoles) of freshly distilled phenylacetylene in 13 ml of deaerated anhydrous

triethylamine (Fluka reagent grade) was stirred at 25*C under nitrogen while 20 mg of

triphenylphosphine and 10 mg of tetrakis(triphenylphosphine)palladium[0] were added. The
mixture was stirred for another 5 min. and then heated to 100*C over 15 min. After 1 hour at

*100C, a copious white precipitate was obtained and the supernatant solution became bright

yellow. The slurry was cooled to 25°C under argon and filtered to remove 390 mg of

triethylamine hydroiodide. On chilling, the filtrate yielded a second crop of the hydroiodide

(40 mg).
The filtrate was evaporated to dryness, leaving a yellow solid mass. Thin layer chromato-

graphy on silica gel indicated the presence of one yellow component. The solid in hexane

was passed through a short silica gel column and recrystallized twice from hexane. Yield, 710
mg (2.01 mmoles, 95.1%): mp 115-116*C; the IR and 'H NMR spectra were identical to those

of authentic 3-(fluoren-9-ylidene)-1,3-diphenylpropyne.

Reaction of 2,2-Diiodobiphenyl with One Equivalent of Phenylacetylene under Palladium

* Catalysis

A pale yellow solution of 4.063 g (10.00 mmoles) of 2,2'-diiodobiphenyl and 1.020 g (10.00

mmoles) of freshly distilled phenyacetylene in I00 ml of deaerated anhydrous triethylamine

(Fluka reagent grade) was warmed to 50*C under argon. The catalyst (50 mg of triphenyl-

phosphine and 20 mg of palladium[ll] acetate) was added. The mixture was brought to 90°C
over 15 min. Precipitation commenced and the reaction mixture was stirred at 90*C for 21 hr.

The slurry was cooled under argon and diluted with I00 ml of ether. The white insoluble

triethylamine hydroiodide was filtered off (2.12 g, 92.5% recovery). The orange yellow filtrate

was concentrated, and dissolved in 200 ml of ether. The organic solution was washed with

200 ml of 10% aqueous hydrochloric acid, 200 ml of saturated sodium bicarbonate and then

with water. After drying over anhydrous magnesium sulfate, the solution was concentrated.
High performance liquid chromatography of the crude product indicated the presence of

2,2'-diiodobiphenyl (44.9%), 3-(fluoren-9-ylidene)-1,3-diphenylpropyne (44.3%) and a third

component (ca. 10.8%).
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Column chromatography (silica gel) of the crude product mixture yielded three fractions.
Fraction I (hexane eluant) was found to contain 1.784 g (4.394 mmoles, 43.9% recovery) of

2,2'-diiodobiphenyl (mp 108-109°C). Fraction 2 (hexane eluant) contained a trace amount of

4%an oil which was not characterized. Fraction 3 (1:4 dichlorometnane-hexane eluant) contained
1.021 g (2.88 mmoles, 28.8% isolated yield) of 3-(fluoren-9-ylidene)-l,3-diphenylpropyne,

which was identified by its mp (115-116°C) and mixed mp with an authentic sample.

.4

Reaction of 2-lodo-2'-(phenylethynyl)biphenyl with Tetrakis(triphenylphosphine)palla-
* dium[Ol in Triethylamine at Reflux

A brownish yellow slurry of 381 mg (1.00 mmole) of 1-iodo-2'-(phenylethynyl)biphenyl
and 1.152 g (0.998 mmole) of tetrakis(triphenylphosphine)paladium[0] in 13 ml of deaerated

anhydrous triethylamine was heated at a gentle reflux (oil bath at 100°C) under nitrogen for
1.5 hr. The solid in the slurry appeared to be more copious and lighter yellow in color than at

the start. The mixture was cooled, diluted with 50 ml of ether, and filtered to give a yellow

powdery solid.
I The yellow orange filtrate was evaporated to dryness to give a solid mass. Thin layer

chromatography (silica gel plate) indicated triphenylphosphine was the predominant compo-

nent. Several other components were present in trace quantities.
The yellow powdery solid isolated from the reaction was identified as iodo(fluoren-9-

ylidenebenzyl)bis(triphenylphosphine)palladium[II]: yield, 981 mg (0.970 mmole, 97.2%); mp

204-2060 C; IR (KBr) 3050, 1570, 1481, 1435, 1085, 780, 740, 730 and 690 cm -'; 250-MHz 'H
NMR (CDC13) 6 6.36(d, 1H, J=7.5 Hz, fluorenyl Hg), 6.48 (broad d, 2H, J=7.5 Hz fluorenyl

H2, H7), 6.65 (d x d x d, IH, J--7.5, 7.5, 1.0 Hz, fluorenyl H6), 6.84-7.67 (3 sets of multiplets,

38H, fluorenyl H3, H,, H3, and all phenyl H's), and 9.83-9.87 ppm (m, 1H, fluorenyl HI).

Anal. for C. H43IP 2Pd (1011.16):

Calculated: C, 66.52; H, 4.29; I, 12.55.
Found: C, 66.39; H, 4.29; I, 12.67.

Reaction of Phenylacetylene with lodo(fluoren-9-ylidenebenzyl)bis(triphenyl-

phosphine)palladium[II].

A mixture of 401 mg (0.397 mmole) of iodo(fluoren-9-ylidenebenzyl)bis(triphenylphos-
phine)palladiumllJ and 55 mg (0.54 mmole) of phenylacetylene in 10 ml of deaerated,
anhydrous triethylamine (Fluka reagent grade) was heated at 100°C under nitrogen for 10
min. At this point, the yellow complex turned black.
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The mixture was cooled, diluted with 50 ml of ether and filtered. Unreacted starting
yellow complex was isolated (214 mg; i.e., the reaction was ca. 50% over in 10 minutes).

The black filtrate was concentrated to give a brown mass. Thin layer chromatography
(silica gel plate) indicated the presence of bright yellow 3-(fluoren-9-ylidene)-1,3-diphenyl-

propyne. Column chromatography through silica gel, eluting with 1:4 dichloromethane-

hexane (I liter), removed a bright yellow band. Evaporation of the eluate to dryness, followed

by recrystallization of the solid from hexane, gave bright yellow crystals of 3-(fluoren-9-

ylidene)-l,3-diphenylpropyne: Yield, 30 mg (0.085 mmoles, 21%); mp 114-116°C; IR and' H

NMR spectra were identical to those of an authentic sample.

Reaction of Iodine with Iodo(fluoren-9-ylidenebenzyl)bis(triphenylphosphine)palladium[ll.

A solution of 204 mg (0.202 mmoles) of iodo(fluoren-9-ylidenebenzyl)bis(triphenylphos-
phine)palladium[ll] in 50 ml anhydrous dichloromethane was treated by dropwise addition
with a 0.134 N solution of iodine in dichloromethane (standaridized against sodium thiosul-

fate). At the end point, the purple color of iodine persisted. The mixture was then diluted
with an equal volume of hexane and filtered to remove the orange-yellow diiodobis-(triphen-

ylphosphine)palladium[ll] complex: mp 263-264*C.
The filtrate was concentrated. Thin layer chromatography on a silica gel plate indicated

the presence of (a-iodobenzylidene)fluorene. Column chromatography through silica gel,
eluting with hexane, yielded analytically pure needles of (a-iodobenzylidene)fluorene:11.5

mg (0.030 mmoles, 15.0 %), mp. 137-138 0 C; IR (KBr) 3050, 1610, 1580, 1572, 1445 (strong), 940,
776 (strong), 758, 728 (very strong), and 692 cm-'; GC-MS indicated 99+% purity and a
molecular ion at m/e 380; 250-MHz 'H NMR (CDC13) 6 6.09 (d x d, 1H, J's - 8.2, 0.8 Hz,
fluorenyl Hs), 6.81 (d x d x d, 1H, J's = 8.2, 8.2, 0.8 Hz, fluorenyl H), 7.21 (d x d x d, 1H,

J's = 8.2, 7.5, 0.8 Hz, fluorenyl HG), 7.63 (d x d, 1H, J's = 7.5, 0.8 Hz, fluorenyl H5), 7.71 (m,
1H,fluorenyl H4), 7.33-7.73 (complex m, 7H, fluorenyl H2, H1 and phenyl H's), and 9.04-9.08

ppm (m, 1H, fluorenyl H,); '3C NMR (CDC13) 6 147.84, 142.03, 141.06, 139.68, 138.82, 138.41,
129.73, 129.38, 128.96, 128.46, 127.86, 127.16, 126.67, 125.54, 125.04, 119.80, 119.19, and 99.46

ppm.

Anal. for C2-I,3 1 (380.23):

Calculated: C, 63.18; H, 3.45; I, 33.38
Found: C, 63.25; H, 3.34; I, 33.45

2,2'-Bis(phenylethynyl)-5,5'-diaminobiphenyl

A mixture of 0.700 g (1.58 mmoles) of 2,2'-bis(phenylethynyl)-5,5'-dinitrobiphenyl and
0.225 g of 5% ruthenium-on-charcoal in 150 ml of 2-propanol was hydrogenated under 4
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atmospheres of hydrogen for 20 hr at 25°C. The mixture was filtered through Celite and
washed with chloroform. After evaporation of the solvents, the light weight yellow solid was
recrystallized from dichloromethane-hexane, mp 158-160°C; IR (KBr) 3390 (strong, broad),
2220 (weak), 1620, 1590, 1500 cm I (strong, sharp); MS (70 eV) m/e 384 (molecular ion); 'H
NMR (CDCI.,) 3.68 (bs, 2H, NH 2), 6.68 (d x d, 1H, aromatic C4 proton, J.. = 8 Hz, J.1 = 2 Hz),
6.85 (d, 1H, aromatic C6 proton, . 2 Hz), 7.25 (s, 5H, phenyl) and 7.50 ppm (d, 1H,
aromatic C.s proton, J3.4 = 8 Hz).

, 1,3-Diphenylpropynone Anil

N-Phenylbenzimidoyl chloride was prepared by treatment of N-phenylbenzamide with
phosphorus pentachloride in 90% yield; bp 120-125°C/0.1 torr and mp 40-40.5°C. A solution
of 21.5 g (100 mmoles) of N-phenylbenzimidoyl chloride in 250 ml of deaerated triethyla-
mine was treated with 11.2 g (110 mmoles) of phenylacetylene, 0.1 g of palladium[II] acetate
and then with 0.2 g of triphenylphosphine. The mixture was heated to 80 0C and kept at 80'C
for 2 hrs. After cooling, diluting with an equal volume of ether, and filtering, 10.5 g of

:. triethylamine hydrochloride was isolated (98% of theory). The filtrate was concentrated and
eluted through a short column of silica gel with hexane. The eluate was concentrated to yield
yellow rhombic crystals: 27.5 g (98 mmoles, 98.0%); mp 60.5-61'C; IR (KBr) 2200 (intense),

1560, 1495, 1450, 1320, 1195,755,690 cm-1; MS (70 eV) m/e 281 (molecular ion); NMR (CDCIl)
6 7.00-7.68 (m, 8H, aromatic), 7.30 (s, 5H, 3-phenyl) and 8.18-8.45 ppm (m, 2H, ortho H's on 1-
phenyl).

Propiolophenone Anil and Its Precursor 3-(Trimethylsilyl)propiolophenone Anil

A solition of 21.5 g (0.100 mole) of N-phenylbenzimidoyl chloride in 250 ml of deaerated
triethylamine was treated with 10.5 g of ethynyltrimethylsilane, with 0.1 g of palladiumIll]
acetate, and then with 0.2 g of triphenylphosphine. The mixture was slowly heated to 80°C

and kept at 80°C for 2 hr. After cooling, diluting with an equal volume of ether, and filtering,
10.5 g of triethylamine hydrochloride was isolated (98% of theory). The filtrate was concen-
trated and eluted through a short column of silica gel with hexane. The eluate was concen-
trated and distilled at 130-135°C/0.1 toff to yield a viscous yellow oil which was identified as
3-(trimethylsilyl)propiolophenone anil: 21.7 g (78.3 mmoles, 78.3%); IR (film) 3080, 2990, 2160

*.. (weak), 1590, 1565, 1490, 1455, 1280, 1260, 1215, 1050, 1030, 850 cm-; MS (70 eV) m/e 277
(molecular ion); NMR (CDCI,) 6 0.12 (s, 9H, SiCHI), 6.95-7.50 (m, 8H, N-Ph and aromatic H.;,
H4, H5), and 8.10-8.30 ppm (m, 2H, aromatic H2 and H6).
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Anal. for Cis Ha, NSi (277.44):

Calculated: C, 77.93; H, 6.90; N, 5.05; Si, 10.12.

Found: C, 78.01; H, 6.88; N, 4.85; Si, 10.38.

To a solution of 1.50 g (5.42 mmole) of 3-(trimethylsilyl)propiolophenone anil in 10 ml of
anhydrous methanol was added 100 mg of anhydrous potassium carbonate. Immediately an

exothermic reaction took place, and a copious crystalline precipitate was formed. The mixture
was filtered and the crystalline pale yellow solid was washed with cold methanol: 1.00 g (4.88
mmole, 90.0%); mp 117-117.5°C; IR (KBr) 3220 (intense), 2080 (intense), 1590, 1580, 1455, 1380
acm '; MS (70 eV) role 205 (molecular ion); NMR (CDC13) 6 3.28 (s, 1H, C-CH), 6.95-7.50 (m,

8H, N-Ph and aromatic H3, H4, Hs) and 8.10-8.30 ppm (m, 2H, aromatic H2 , H6 ).

. Anal. for Cis Hi, N (205.26):

Calculated: C, 87.77; H, 5.40; N, 6.82.
Found: C, 87.81; H, 5.50; N, 6.83.

2-(Phenylethynyl)benzaldehyde

A mixture of 3.70 g (20.0 mmoles) of 2-bromobenzaldehyde and 2.55 g (25.0 mmoles) of

phenylacetylene in 50 ml of deaerated, anhydrous triethylamine was stirred at 25°C under
. itrogen as 58.2 mg (0.259 mmole) of palladiumll] acetate and 121.6 mg (0.464 mmole) of

triphenylphosphine were added. The mixture was clear yellow. Upon heating slowly to 80°C

(over 45 minutes), the color of the medium turned orange and a copious white precipitate was
formed. The mixture was heated at 80°C for an additional hour.

The cooled mixture was mixed with an equal volume of hexane, filtered, and washed

thoroughly with hexane. The yield of triethylamine hydrobromide was 3.59 g (19.7 mmoles,
98.6%). Thin-layer chromatography (silica gel, 1:2 dichloromethane-hexane) revealed the

presence of 1,4-diphenyl-1,3-butadiyne and a fluorescent product.

Silica gel column chromatography separated the Glaser product (white needles, mp 85°C)
in the hexane eluate. Elution with 20% dichloromethane in hexane followed by distillation at
139-141'C/0.15 tort yielded 2-(phenylethynyl)benzaldehyde: 3.60 g (17.5 mmoles, 87.4%); IR

(KBr) 2840, 2740, 2220, 1690 cm- (intense): MS (70 eV) m/e 206 (molecular ion); NMR

(CDC13) A 7.18-7.65 (m, 8H, aromatic), 7.78-8.00 (m, IH, ortho H) and 10.62 ppm (s, 1H, CHO).
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Anal. for C,5 HI0 0 (206.24):

Calculated: C, 87.36; H, 4.89
Found: C, 87.20; H, 4.95.

The alternative metal catalyst system used to effect coupling between 2-bromobenzalde-
hyde and phenylacetylene was dichlorobis(triphenylphosphine)palladium[IJ, copper[l] io-

dide in triethylamine (Reference 26). The reaction was incomplete after 17 hours at 650C. The
method was considered inferior to the Heck procedure (Reference 25).

trans-(2-Phenylethynyl)stilbene

The literature procedure (Reference 124) was adopted. The Wittig reagent was prepared by
treatment of 9.99 g (25.7 mmoles) of benzyltriphenylphosphonium chloride in anhydrous
ether with 29.5 ml of a 0.96M hexane solution of n-butyllithium under nitrogen at 0°C. The

orange-colored ylide was stirred at 25°C for 1 hour and treated with 5.23 g (25.4 mmoles) of 2-
- (phenylethynyl)benzaldehyde. The resulting mixture was stirred at 25°C for 16 hrs, diluted

with 130 ml of hexane and filtered. The filtrate was concentrated and was shown by thin-lay-

* er chromatography (silica gel, 1 : 2 dichloromethane-hexane) to contain a fluorescent product

as the only component. Purification by column chromatography on silica gel, eluting with
hexane, yielded 831 mg (2.97 mmoles, 11.7%) of crystalline product: mp 94-94.5°C; IR (KBr)
2200, 1590, 1490, 965 cm-1; MS (70 eV) m/e 280 (molecular ion).

2-(Phenylethynyl)benzaldehyde Anil

Upon mixing 13.6 g (66.0 mmoles) of 2-(phenylethynyl)benzaldehyde and 6.25 g (67.2
mmoles) of distilled aniline, a yellow precipitate formed instantaneously with slight heat

formation. The mixture was treated with 100 ml of hexane and 1 g of magnesium sulfate and
was heated at reflux for 1 hr. Filtered while hot, the yellow solution was evaporated down to
half of the original volume, cooled to 25°C and then chilled at -78°C. The white solid which
separated was isolated by filtration, redissolved in hexane, treated with charcoal and recrys-
tallized. The purified product obtained in 2 crops weighed 14.1 g (50.2 mmoles, 76.0%); mp
63-64*C; IR (KBr) 2200, 1620, 1580, 1490 cm-'; MS (70 eV) m/e 281 (molecular ion), 204, 104;
'H NMR (CDCI,) 6 7.20-7.60 (m, 13H, aromatic), 8.3 (m, 1H, ortho H), and 9.10 ppm (s, lH,

* C _).
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Anal. for C2, Hs N (281.36):

Calculated: C, 89.65; H, 5.37; N, 4.98.
Found: C, 89.28; H, 5.14; N, 5.14.

N-Benzlidene-2-iodoaniline

A mixture of 21.9 g (100 mmoles) of iodoaniline and 10.6 g (100 mmoles) of benzaldehyde
was heated without a solvent at 80°C for 3.5 hr. The gummy purple mixture was mixed with
hot hexane and the supernatant was decanted. Upon cooling to -78°C, the hexane superna-
tant yielded a white precipitate: yield, 23.6 g (76.9 mmoles, 76.9%); mp 57-57.5°C [lit.
(Reference 125): mp 57.5°C; IR (KBr) 1620, 1570 cm-1; MS (70 eV) m/e 307 (molecular ion),
180.

N-Benzylidene-2-aminotolane

A mixture of 5.65 g (18.4 mmoles) of N-benzylidene-2-iodoaniline and 1.88 g (18.5
mmoles) of phenylacetylene in 30 ml of deaerated, anhydrous triethylamine was stirred at
25°C under nitrogen as 18.0 mg of dichlorobis(triphenylphosphine)palladium[llj and 21.8 mg
of copper[I] iodide were added. After 3 hrs, the mixture was filtered to remove triethylamine
hydroiodide (3.91 g, 92.7%). The filtrate was concentrated and pumped at 0.1 torr to remove
the last trace of triethylamine. The yellow oil was mixed with 1: 5 dichloromethane-hexane,

*treated with 1 g of charcoal and filtered through Celite. Upon cooling to -78°C the filtrate
yielded a pale yellow crispy solid: 3.30 g (11.7 mmoles, 63.8%); mp 64-65*C; IR (KBr) shows
the absence of NH absorptions and a strong imine band at 1625 cm-'; MS (70 eV) m/e 281
(molecular ion), 204, 194, 193, 181.

The imine product was extremely sensitive hydrolytically. Attempts to purify the product
* by column chromatography using silica gel, Florisil (15% magnesium oxide in silica), basified

silica gel and neutral Woelm alumina resulted in the isolation of benzaldehyde and white
needles of 2-aminotolane (mp 91-920 C).

Column chromatography of the crude imine product through cellulose provided a method
for purification. The pale yellow crystals obtained had mp 66-67°C.

Formation of 4b,5-Dihydro-10-phenylindeno[1,2-blindole. Thermal Intramolecular Cycliza-
tion of N-Benzylidene-2-Aminotolane

A solution of 1.00 g (3.56 mmoles) of N-benzylidene-2-aminotolane in 3.0 g of deaerated
tetralin was heated under nitrogen at 150-160*C for 6 hrs. Silica gel thin-layer chromato-
graphy was used to monitor the progress of the reaction. At the end of the heating period,
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TLC indicated total disappearance of the starting imine and the presence of one major

component.
The crude, dark brown oil was purified by column chromatography on silica gel. Elution

with hexane removed tetralin. Elution with 20-50% dichloromethane in hexane yielded a
white granular solid: 233 mg (0.829 mmoles, 23.3%); mp 264°C; IR (KBr) 3420, 1600, 1490, 1450
cm '; MS (70 eV) m/e 281 (molecular ion); 'H NMR (CDCI3) 6 6.10 (s, 1H, methine), 6.80-7.50
(m, 13H, aromatic) and 8.00 ppm (broad s, 1H, NH).

Anal. for C2, H,15 N (281.36):

Calculated: C, 89.65; H, 5.37; N, 4.98.

Found: C, 89.28; H, 5.42; N, 5.56.

Formation of 4b,5-Dihydro-5-phenylindeno[1,2-b]indole. Thermal Intramolecular Cyclization
of 2-(Phenylethynyl)benzaldehyde Anil.

A solution of 4.00 g (14.2 mmoles) of 2-(phenylethynyl)benzaldehyde anil in 10.0 g of
tetralin was deaerated by bubbling nitrogen through and then it was heated under nitrogen

at 1750 for 7 hours. The progress of the reaction was followed by hourly silica gel thin-layer
chromatography (1:2 dichloromethane-hexane). The mixture was cooled to room temperature
and taken up in 100 ml of hexane. An off-white precipitate was obtained and decolorized

" with charcoal: yield 772 mg (2.75 mmoles, 19.3%); mp 277-281 *C (dec); IR (KBr) 1590, 1490,

1240 cm-1; MS (70 eV) m/e 281 (molecular ion).

Thermal Intramolecular Cyclization of 2-(Phenylethynyl)benzaldehyde Anil in Diphenyl
Ether Solvent

"* A solution of 2.90 g (10.3 mmoles) of 2-(phenylethynyl)benzaldehyde anil in 15 ml of

diphenyl ether was thoroughly deaerated with argon and then rapidly heated to 210°C (over
5 min) under argon. The solution turned dark brown. After 2 hr at 210°C, the disappearance
of the starting material was complete as determined by silica gel thin-layer chromatography.
The mixture was cooled to 50*C and diluted with 100 ml of diethyl ether to cause a white pre-
cipitate to form. Purification by silica gel column chromatography, eluting with 1:1 dichloro-

methane-hexane, yielded a white powdery product: mp 295-297°C (decomp.); IR (KBr) 3080,
1605 (intense), 1500 (intense), 1465, 1350, 1250, 755 cm-1; MS (70 eV) m/e 487 (molecular ion,

base peak), 358, 282, 204; 'H NMR (DMSO-d 6) 6 6.82, 7.30, 7.75 ppm (3 complex m, aromatic).
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(_-Phenyl-1,2-propadieny1)triphenylphosphonium Bromide

A mixture of 10.4 g (53.5 mmoles) of 3-phenylpropargyl bromide and 18.3 g (69.6 mmoles)

of triphenylphosphine in 150 ml of toluene was heated at reflux under nitrogen for 4 hrs. The

mixture was then cooled and the precipitate collected and air-dried for 18 hrs: yield,

22.5 g (49.2 mmoles, 92.0%); mp 212 0C; IR (KBr) 1930 (allene), 1440, 1110 cm -

trans- 1-[2-(Phenylethynyl)phenyl]-4-phenylbuta-l-en-3-yne

A suspension of 7.30 g (16.0 mmoles) of 3-phenyl-1,2-propadienyltriphenylphosphonium

bromide in 50 ml of anhydrous tetrahydrofuran was treated at 00 C under nitrogen with 14.8

ml of a 1.15 M solution of n-butyllithium in hexane. A deep red mixture was obtained and

stirred at 25*C for 2 hrs before being treated with 3.05 g (15.0 mmoles) of 2-(phenylethynyl)-

benzaldehyde at 25°C. The solution was stirred at 25*C for 20 hrs, poured into 100 ml of

water and extracted three times with 100-ml portions of dichloromethane. The organic

extracts were combined, washed with 100 ml of water, dried over anhydrous magnesium

sulfate and concentrated to a brown oil. Silica gel thin-layer chromatography (1:2 dichloro-

methane-hexane) showed the complete absence of the aldehyde and the appearance of one

fluorescent product with a high Rf. Silica gel column chromatography, eluting with hexane,

removed a yellow oil which was treated once with charcoal, yielding 3.46 g of oil(11.4

mmoles, 75.4%); IR (neat) 2220, 2180, 1600, 1490, 1440, 955 cm-'.

Thermal Cyclization of trans-l-[2-(Phenylethynyl)phenyl-4-phenylbuta-l-en-3-yne

A mixture of 3.46 g (11.4 mmoles) of trans-l-[2-(Phenylethynyl)phenyl]-4-phenylbuta-l-

en-3-yne in 9.7 g of tetralin was deaerated and heated at 175*C under nitrogen for 4 hrs. The
progress of reaction was monitored by hourly silica gel thin-layer chromatography. As no

apparent changes took place, the mixture was heated at reflux (207*C) for 43 hrs. Thin-layer
chromatography (silica gel, 1:4 dichloromethane-hexane) indicated still no noticeable change.

Silica gel column chromatography, eluting with hexane, separated tetralin and the start-
ing material (identifiable by IR spectroscopy). Upon standing, the end fraction of tetralin

deposited a crystalline material which was isolated by filtration and washing with cold
hexane: yield, 118 mg (0.388 mmoles, 3.40%); mp 192-1930 C; IR (KBr) no C -C band at 1600,
weak absorptions at 1500, 1370, 890 cm'; MS (70 eV) m/e 304 (molecular ion), no other
fragments were observed.
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II

Thermal Cis-Trans Isomerization of (Z)-2,a'-Bis(phenylethynyl)stilbene (Attempted Thermal
Cyclization)

The starting material was synthesized (Reference 123) via a conventional palladium-
catalyzed reaction between (Z)-2,a'-dibromostilbene and phenylacetylene in 20% yield (unop-

timized): mp 85-86*C; IR (KBr) 1600, 1495, 1450 cm-' (Note: This spectrum does not resemble

that of 1,4-diphenyl-1,3-butadiyne); MS (70 eV) m/e 380 (molecular ion).

A solution of 514 mg (1.36 mmoles) of (Z)-2,a'-bis(phenylethynyl)stilbene in 1.30 g of

deaerated tetralin was heated under nitrogen at 175*C for 24 hrs. The progress of reaction
was monitored by silica gel thin-layer chromatography at convenient intervals. As TLC did

not indicate appreciable change, the mixture was heated at reflux (207 0C) for 24 hrs. Still no

appreciable change was noticeable on TLC. The mixture was purified by silica gel column

chromatography.
The first hexane eluate contained only tetralin. Subsequent elution isolated a yellow solid

which was treated with charcoal and recrystallized from petroleum ether: yield, 250 mg

(29.0%); mp 182-184*C; IR (KBr) 1600, 1495, 1450, 900 cm-1; MS (70 eV) m/e 380 (molecular
ion); 'H NMR (CDC13) 6 7.10-8.00 (m, 19H, aromatic) and 8.40 ppm (s, 1H, vinylic).

1,4-Dibromo-1,2,3,4-tetraphenylbutadiene

The lithium reagent 1,4-dilithio-1,2,3,4-tetraphenylbutadiene was prepared according to

Reference 127. The mixture of 4.42 g (24.8 mmoles) of diphenylacetylene and 0.172 g (24.8

mmoles) of cut lithium wire was stirred under nitrogen in 50 ml of absolute ether at room

temperature. A red color developed after 30 minutes. After 15 hrs, the mixture was mixed

with 50 ml of tetrahydrofuran (THF) to give a green solution of the dilithio reagent.

A 2-ml aliquot of the green solution was removed and treated with 10 ml of anhydrous
ethanol to give a 70% yield of 1,2,3,4-tetraphenylbutadiene: mp 183-184*C (lit. 183-185°C);

IR (KBr) 3080, 1605, 1500, 1450, 760, 700 cm -t; MS (70 eV) m/e 358 (molecular ion); IlH NMR

(CDCI3) 6 6.38 (s, 2H, vinyl H), 6.66-7.45 (m, 1OH, inner phenyls) and 7.34 ppm (distorted s,
1OH, terminal phenyls).

The green solution was cooled to -78 0 C and a 20-ml THF solution of 8.23 g (24.8 mmoles)

of carbon tetrabromide was added. The resulting mixture was stirred at room temperature for

1 hr, poured into 300 ml of water and the phases were separated. The aqueous layer was

extracted three times with 200-ml portions of ether. All organic fractions were combined,

dried over anhydrous magnesium sulfate and concentrated to a brown oil. Silica gel column

chromatography, eluting with hexane, separated 0.955 g of unreacted carbon tetrabromide.

Elution with 10% dichloromethane in hexane yielded 4.16 g (8.06 mmoles, 65.0%) of 1,4-

dibromo-1,2,3,4-tetraphenylbutadiene: mp 148-148.50 C; IR (KBr) 1590, 1480, 1435 cm-i; MS

(70 eV) m/e 518, 516, 514 (molecular ion), 437, 435 (loss of 1 Br).
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l-Bromo-2-phenylacetylene

To 800 ml of water were added 300 g of sodium hydroxide and 10 g of stearic acid. The
solution was cooled to 0°C and 160 g (1.00 mole) of bromine was added rapidly with stirring.
The mixture was then treated with 87.0 g (0.853 mole) of phenylacetylene to give a thick
emulsion. After vigorous stirring for 2 hrs at 25°C, the reaction flask was immersed in a 60 0C

water bath for 1.5 hrs, cooled to 250C and the contents were transferred to a separatory
funnel. The reaction mixture was then extracted with 3 X 500 ml of ether. The combined

. ethereal extracts were dried over anhydrous magnesium sulfate and concentrated to a dark
brown oil. Distillation at 30-500 C/0.1 torr removed 30 g of a forecut that was shown by IR

and NMR to be mainly phenylacetylene. The desired product was finally distilled at 55-
60°C/0.01 torr: 39.5 g (0.218 mole, 25.6%); IR (film) 2210 (weak), 1660, 1490, 1445, 750 cm-';

*. 'H NMR (CDCl3) showed only aromatic multiplets.

Reaction between l-Bromo-2-phenylacetylene and 1,4-Dilithio-1,2,3,4-tetraphenylbutadiene

The dilithio compound was prepared by treatment of 0.52 g of lithium wire with 13.4 g (75
mmoles) of diphenylacetylene in 60 ml of absolute ether at 25*C. After 17 hr, the slurry was
mixed with 200 ml of anhydrous tetrahydrofuran (THF) to obtain a dark green solution. The
solution was cooled to -78*C and treated with 13.5 g (75 mmoles) of l-bromo-2-phenylacety-
lene. A yellow precipitate was formed instantaneously. The mixture was allowed to warm up
to 25°C over 2 hr. At 25°C, a yellow brown solution resulted, which was treated with 50 ml of
methanol and extracted in succession with 200 ml each of saturated sodium chloride solution
and water. After drying and concentrating, the brown oil was eluted through a silica gel
column with dichloromethane-hexane. The initial hexane fractions contained mixtures of
phenylacetylene, bromophenylacetylene and diphenylacetylene. The 1:1 dichloromethane-
hexane eluate yielded 7.45 g (14.5 mmoles) of white crystals identified as 1,4-dibromo-1,2,3,4-
tetraphenylbutadiene: mp 145-1470 C; IR (KBr) 1590, 1480, 1435 cm'; MS (70 eV) m/e 518,
516, 514 (molecular ions).

Anal. for C" H20 Br2 (516.29):

Calculated: C, 65.14; H, 3.90; Br, 30.96.

Found: C, 65.04; H, 3.92; Br, 30.92.

The yield of the dibromo compound was 38% of theory.
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Attempted Reaction between Bromo(phenylethynyl)bis(triphenylphosphine)palladiumlI)
and 1,4-Dilithio-l,2,3,4-tetraphenylbutadiene

Bromo(phenylethynyl)bis(triphenylphosphine)palladium[II] was prepared by mixing 1-
bromo-2-phenylacetylene and tetrakis(triphenylphosphine)palladium[0] in benzene at 250 C.
The IR spectrum and the elemental analysis were consistent with the proposed structure.

A tetrahydrofuran solution of 4 g of the palladium(Ill complex was treated under argon
with 2.5 mmoles of dilithiotetraphenylbutadiene. An immediate reaction occurred and the
solution turned very dark brown. After solvent removal, the residue was examined by thin-

layer chromatography and shown to contain a multitude of components. Further work was
abandoned.

Attempted Reaction between 1,4-Dilithio-l,2,3,4-tetraphenylbutadiene and Phenylacetyl
Chloride

A suspension of 1.1 g (0.16 mole) of lithium wire in 150 ml of anhydrous ether containing
S26.8 g (0.151 mole)- of diphenylacetylene was stirred under argon at 20°C for 17 hr. The

characteristic yellow precipitate of dilithiotetraphenylbutadiene was formed. The slurry was
mixed with an equal volume of deaerated anhydrous tetrahdrofuran (THF) to yield a dark
green solution. Under argon, the green solution was cooled to -78°C and treated with 23.5 g
(0.152 mole) of phenylacetyl chloride in 50 ml of THF. Immediately, the dark green color
faded to a yellow tint and a copious precipitate was obtained. The slurry was stirred at -78 °C
for 1.5 hr and then at 25°C for 1 hr.

After hydrolysis in 1.5 liters of water, the organic solvent was allowed to evaporate and
the aqueous slurry was filtered to give an off-white solid which was dissolved in 200 ml of
ether; this solution was extracted with 100 ml of 10% sodium hydroxide, washed with 100 ml
of water and dried over anhydrous magnesium sulfate. After solvent removal, the residue

*was recrystallized from hexane-ether to yield 8.75 gm (24.6 mmoles, 32.6%) of 1,2,3,4-
tetraphenylbutadiene: mp 183-184°C; IR (KBr) 3080, 1605, 1500, 1450, 760, 700 cm '; MS (70

* eV) m/e 358 (molecular ion); 'H NMR (CDCI3) 5 6.38 (s, 2H, vinyl H), 6.66-7.45 (m, 10H, inner
phenyls) and 7.34 ppm (distorted s, 10H, terminal phenyls).

The aqueous phase left behind was acidified and extracted with 3 X 100 ml of ether. The
combined ethereal fractions were washed with 100 ml of water, dried over anhydrous
magnesium sulfate and concentrated to a white solid. It was identified as phenylacetic acid:
1" NMR (CDCI.1) 6 3.57 (s, 2H, CH2 Ph), 7.27 (s, 5H, aromatic) and 10.60 ppm (bs, 1H, CO 2H).

*1
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N-Benzoyl-2-iodoaniline and N-( 2-odophenyl)benzimidoyl Chloride

A dispersion of 25.0 g (114 mmoles) of 2-iodoaniline in 300 ml of water was stirred at 250C
and treated with 18.0 g (128 mmoles) of benzoyl chloride. The mixture was heated at 75-80°C
for I hr, cooled to 25°C and treated with 50 ml of 20% aqueous sodium hydroxide. The white

solid was filtered off and washed with 100 ml each of 10% aqueous sodium hydroxide and wa-
ter. The crude solid was recrystallized from a 3:1 ethanol-toluene solvent system to yield
fluffy white crystals: 25.6 g (79.3 mmoles, 69.5%); mp 137-138°C; IR (KBr) 3340 (intense), 1710
(intense), 1560, 1510, 1335 cm-'; 'H NMR (CDC1I) 6 6.66-8.60 (complex m, 9H, aromatic) and
8.30 ppm (broad s, IH, NH).

A mixture of the benzamide product (15.1 g, 46.7 mmoles) above and phosphorus penta-
chloride (10.5 g, 50.4 mmoles) was heated under argon at 100°C for 30 min. The phosphorus
oxychloride generated was removed by distillation at 20-25 torr. The residue was distilled at
140-145°C/0.1 tofr to give 14.0 g (41.0 mmoles, 87.8%) of the imidoyl chloride product: IR
(film) 3080, 1675 (broad, intense), 1590, 1470, 1180, 900, 755 cm-; 'H NMR (CDCI ) 6 6.70-
8.30 ppm (complex m, aromatic); no NH absorption.

N-Benzoyl-2-aminotolane

A turbid solution of 10.0 g (31.0 mmoles) of N-(2-iodophenyl) benzamide and 3.35 g (32.8
mmoles) of phenylacetylene in 300 ml of a 2:1 toluene-triethylamine solvent mixture was

deaerated and heated to 60°C under argon. The catalyst was introduced in the order of 300
• " mg of triphenylphosphine, 100 mg of palladium[Ill chloride and 200 mg of copper[I] iodide.

The resulting mixture was heated to 80-900 C. Precipitation commenced in 10 min. After 3 hr

at 80-90oC, the mixture was cooled and filtered to remove 7.10 g (31.0 mmoles, 100%) of

* triethylamine hydroiodide. The yellow filtrate was concentrated to a solid which was recrys-
tallized from 400 ml of absolute ethanol: yield, 8.90 g (30.0 mmoles, 96.7%); mp 114-115°C; IR

(KBr) 3320 (intense), 1660 (intense), 1585, 1530 (intense), 1495, 1450, 1330, 755 cm-'; 'H NMR
*.. (CDCI,) 6 6.85-7.70 (m, 11H, C6H4C- C-Ph and meta-protons on PhC=O), 7.80-8.15

(m, 2H, ortho-protons on PhC-O), 8.60 (m, 1H, para-proton on PhC-O), and 8.88 ppm

(bs,IH, NH).

2,2'-Bis(phenylethynyl)benzalazine

A solution of 20.6 g (100 mmoles) of 2-(phenylethynyl)benzaldehyde in 200 ml of absolute
ethanol was treated with 2.50 g (50.0 mmoles) of 100% hydrazine hydrate. After 10 min at

25*C, a pale yellow precipitate began to accumulate. After 30 min, the precipitate appeared
copious and the mixture was diluted with 100 ml of ethanol to facilitate stirring. The reaction
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was stopped after a total period of 1.5 hr and the product was isolated, washed with methanol
and dried to yield 16.4 g (40.2 mmoles, 80.4%): mp 155-157*C; IR (KBr) 1620, 1490, 755 cm .

2-(Phen!_ethynyl)benzaldehyde Phenyihydrazone

A solution of 6.00 g (29.1 mmoles) of 2-(phenylethynyl)benzaldehyde in 150 ml of
absolute ethanol was treated with 3.15 g (29.1 mmoles) of phenylhydrazine in 50 ml of
ethanol. The reaction was slightly exothermic. After 30 min at 25*C, the solution was treated
with 3 drops of 85% phosphoric acid and heated at reflux for 2 hrs. Upon cooling, a massive
precipitate was obtained and was recrystallized once from hexane to yield 7.40 g (25.0
mmoles, 85.9%) of off-white crystals: IR (KBr) 2200 (very weak), 1605, 1580, 1520, 1495, 1265,
1155, 755 cm -

Benzalazine and 1,4-Dichloro-1,4-diphenyl-2,3-diazabutadiene

A mixture of 42.4 g (400 mmoles) of benzaldehyde and 10.0 g of 100% hydrazine hydrate
in 400 ml of absolute ethanol was stirred for 30 min. The slightly exothermic reaction mixture

was cooled and the bright yellow crystals were collected and dried at 50°C/0.1 torr, yielding
31.7 g (152 mmoles, 76.2%); mp 91-92°C, literature (References 132, 133) value was 92-92.5°C;
IR (KBr) 1625 (intense), 1575, 1490, 1450, 1305, 1290, 1210, 960, 750, 690 cm - .

A solution of 11.4 g (54.8 mmoles) of benzalazine in 300 ml of carbon tetrachloride was
gently stirred while a continuous flow of chlorine gas was passed through over a period of 18

- hr. The solution was concentrated and the residue was taken up in hexane and cooled to
-78°C to yield 3.95 g (14.2 mmoles, 26.0%) of white crystals: mp 117-118°C; IR (KBr) 1600,
1575, 1490, 1450, 1225,925, 765, 685 cm-'; MS (70 eV) m/e 276, 278 (molecular ions), 241,138.

1,2-Dibenzoylhydrazine and 2,5-Diphenyl-1,3,4-oxadiazole

To a solution of 56.0 g (399 mmoles) of benzoyl chloride in 150 ml of anhydrous pyridine
at 0C was added dropwise 10.0 g (200 mmoles) of hydrazine hydrate (100% assay). Immedi-
ately a white precipitate was formed. After the addition, the mixture was stirred at 25°C for 2
hr and then diluted with 1 liter of water. The white solid was isolated by filtration, washed
with 50% aqueous ethanol and air dried: yield, 44.2 g (184 mmoles, 92.1%); mp 236-238°C; IR
(KBr) 3200 (broad, intense), 1700, 1665, 1630 (intense), 1580, 1540, 1490, 1290 (intense), 690
cm.

A mixture of 44.1 g (184 mmoles) of 1,2-dibenzoylhydrazine and 35 ml (58.5 g, 491
mmoles) of thionyl chloride in 400 ml of anhydrous benzene was heated at reflux for 2 hr.
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After most of the volatile material was evaporated, the residue was mixed with 200 ml of
hexane to precipitate an off-white solid which was subsequently recrystallized from 200 ml of
absolute ethanol to afford light weight crystals of 2,5-diphenyl-1,3,4-oxadiazole: yield, 27.5 g
(124 mmoles, 67.3%); mp 137-138*C; MS (70 eV) m/e 224 (molecular ion + 2H), 168 (base
peak), 106, 77; 'H NMR (CDCI1 ) 6 7.31-7.71 (m, 6H, aromatic H3, H4, HS) and 7.92-8.32 ppm
(m, 4H, aromatic H2, H6).

1,2-Bis(2-bromobenzoyl)hydrazine and 1,2-Bis(2-bromobenzoyl)diazine

To a solution of 43.9 g (200 mmoles) of 2-bromobenzoyl chloride in 100 ml of anhydrous
pyridine at 0°C was added dropwise 5.0 g (100 mmoles) of hydrazine hydrate (100% assay).
The mixture was stirred for an additional 2 hr at 25°C, diluted with 1 liter of water, and
filtered to give a white solid which was dried to a constant weight at 70 0C/0.1 torr (16 hr):
yield, 27.0 g (67.8 mmoles, 67.8%); 'H NMR (DMSO-d6) 6 6.68 (m, 4H, aromatic) and 9.68 ppm
(s, IH, NH).

A mixture of 5.00 g (12.6 mmoles) of the above product in 200 ml of dichloromethane and
200 ml of water was stirred while chlorine gas was bubbled through. Slowly the solid entered
into solution and the organic phase turned red-orange. After 1 hr, thin-layer chromatography
indicated total absence of the starting material. A single spot (TLC, silica gel, 1:1 dichloro-
methane-hexane) corresponding to the product was observed. The organic phase was separat-

. ed, washed with 200 ml of 10% aqueous sodium bicarbonate solution and dried over anhy-
drous magnesium sulfate. After solvent removal, the oily residue was taken up in 100 ml of
ether and mixed with 100 ml of hexane. Slow evaporation down to dryness caused the
formation of a pale yellow crystalline solid which was isolated by filtration and washed with
cold hexane: yield, 3.60 g (9.09 mmoles, 72%); IR (KBr) 1720 (broad, intense), 1590, 1470, 1430,
1280-1240 (very broad, intense), 1140, 1090, 1030, 740 cm-'.

2-lodobenzoyl Chloride and 1,2-Bis(2-iodobenzoyl)hydrazine

A slurry of 52.0 g (21.0 mmoles) of 2-iodobenzoic acid in 50 ml dichloromethane was
mixed with 50 ml of thionyl chloride and the mixture was heated at reflux for 16 hr. A stream
of nitrogen was passed through the hot solution to evaporate dichloromethane and other
volatiles. The viscous oil solidified on cooling to 25°C under nitrogen. The solid was
dissolved in 100 ml of lukewarm anhydrous hexane and the solution cooled to yield while

" fluffy crystals: yield, 36.3 g (13.6 mmoles, 64.9%); mp 40-41*C; IR (CH 2C12 solution) 1785
(intense), 1585, 1435, 1195, and 860 cm-; 'H NMR (CDCI3) 6 7.24 (t x d, 1H, J = 7.2, 1.8 Hz,
aromatic H4), 7.52 (t x d, 1H, J = 7.2, 1.8 Hz, aromatic Hs), and 8.10 ppm (d x m, 2H, aromatic
H3 and H6).
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* To solution of 19.7 g (74.0 mmoles) of 2-iodobenzoyl chloride and 25 ml of anhydrous
pyridine in 100 ml of anhydrous dichloromethane was added dropwise 1.02 g (38.4 mmoles)
of hydrazine hydrate (100% assay) a vigorous reaction ensued. The mixture was stirred for an
additional hr at 250C. The white precipitate which formed was filtered off. The two phase fil-
trate was warmed to evaporate dichloromethane. The solid dispersion was isolated by
filtration. The combined crops of solids was washed with 1:1 hexane-ether and dried to a

constant weight at 70°C/0.1 torr (8 hr): yield, 12.7 g (25.9 mmoles, 69.9%); mp 278-2790 C; IR
- (KBr) 3210, 1600, 1490, 1455 cm'; 'H NMR (DMSO-d6) 5 7.00-7.70 (m, 6H, aromatic H3, H4,

Hs), 7.90, 8.05 (broad d, 2H, aromatic H6) and 10.50 ppm (s, 2H, NH).

Anal. for C14HI 20 2N2(492.06):

Calculated: C, 34.17; H, 2.05; I, 51.58; N, 5.69.
Found: C, 34.09; H, 1.82; 1, 51.72; N, 5.77.

2-(Phenylethynyl)benzoic Acid and 2-(Phenylethynyl)benzoyl Chloride

An emulsion of 8.00 g (38.8 mmoles) of 2-(phenylethynyl)benzaldehyde in 200 ml of
water was warmed to 100°C and treated with 6.5 g of potassium permanganate in 200 ml of
water. The mixture was heated at 100°C for 2 hr and treated with 10 g of sodium bisulfite in

" 20 ml of acidified water. The brown manganese dioxide precipitate dissolved to yield soluble
manganese sulfate. The oily droplets were extracted with 2 X 50 ml of dichloromethane. The

solvent was removed and the residual red oil yielded 7.00 g (31.5 mmoles, 81.2%) of crystals
upon standing. The identity of the acid product was ascertained by IR and 'H NMR. The

NMR spectrum (CDCI3) 6 6.70-8.30 (m, 9H, aromatic) and 10.70 ppm (s, IH, COIH) showed
that the proton absorption was identical to that of the aldehydic proton of 2-(phenylethynyl)-

benzaldehyde but the aromatic region showed dissimilarities between the two compounds.
The carboxylic acid was mixed with 10 g of thionyl chloride, heated at reflux for 2 hr, and

cooled with a stream of argon. After the volatiles were removed, the residual oil was purified
by distillation at 158-163 0C/0.3 torr to give an orange-yellow oil: yield, 5.20 g (21.6 mmoles,

68.6%); IR (neat) 2210 (medium, sharp), 1770, 1730 cm-'; 'H NMR (CDCl) 6.60-8.30 ppm (m,
aromatic) and no absorption from 8-12 ppm.

2-(2-Bromophenyl)benzimidazole

To a solution of 14.6 g (13.5 mmoles) of ortho-phenylenediamine in 200 ml of ethanol was
".* added a mixture of 25.0 g (13.5 mmoles) of 2-bromobenzaldehyde and 60 g of sodium bisulfite
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in 500 ml of 50% aqueous ethanol. The resulting mixture was heated at reflux for 4 hr. On
cooling, white crystals appeared. They were filtered off and dried under vacuum at 100°C/0.1
torr to constant weight: yield, 28.2 g (10.3 mmoles, 76.5%); mp 237.5°-238.5 0 C; 'H NMR

(DMSO-d6) 5 7.00-7.10, 7.12-7.80 (three sets of m's, aromatic) and 11.0 ppm (broad absorption,
S1H, NH).

Phenylethynylation of 2-(2-Bromophenyl)benzimidazole. Incomplete Conversion to 11-Ben-
ylidene-lH-isoindolo[2,1ajbenzimidazole

To a deaerated mixture of 200 ml of 3:1 triethylamine-N,N-dimethylacetamide containing
100 mg of triphenylphosphine, 80 mg of dichlorobis(triphenylphosphine)palladium [III, and
40 mg of anhydrous copper[I] iodide, was added 2.50 g (9.16 mmoles) of 2-(2-bromophenyl)-

* benzimidazole and then 1.00 g (9.80 mmoles) of phenylacetylene. The mixture was heated
*' under argon at 90*C for 36 hr. After cooling, the mixture was diluted with twice the volume

of ether and filtered to remove ca. a 30% yield of triethylamine hydrobromide. The filtrate
was redissolved in 100 ml of ether and the solution was washed eight times with 100 ml of
water and once with saturated ammonium chloride solution. After drying the organic phase

* over anhydrous magnesium sulfate and concentrating, the resulting crude product was
examined by NMR spectrometry, which showed the presence of 67% of starting material and
33% of a new compound. This compound was isolated by silica gel column chromatography,
eluting with dichloromethane, and identified as 11-benzylidene-lH-isoindolo[2,labenzimi-
dazole based on its IR, MS, 13C and 250 MHz 'H NMR spectral characteristics.

11-Benzylidene-lH-isoindolo[2,lalbenzimidazole

A mixture of 8.80 g (4.27 mmoles) of 2-(phenylethynyl)benzaldehyde and 4.70 g (4.35
mmoles) of ortho-phenylenediamine in 400 ml of 50% aqueous ethanol containing 25 g of
sodium bisulfite was heated at reflux for 5 hr. On cooling, crystals appeared and were filtered
and washed thoroughly with 50% aqueous ethanol. The mp was 177-179°C. After drying at
100°C/0.1 torr to constant weight, the mp was raised to 181-182°C. GC-MS analysis indicated
the presence of only one product. Yield, 8.50 g (2.89 mmoles, 67.7%); IR (KBr) 3180, 3140,

* 1645, 1530, 1500, 1455, 1330, 1320, 1280, 1240, 1160 and 740 cm'; MS (70eV) m/e 294
(molecular ion, base peak), no significant fragments; 250-MHz 'H NMR (CDCI3) 5 6.49, 6.52
(d x t, 1H, J's =- 8.3, 1.0 Hz, aromatic HO), 6.92 (bs, 1H, vinyl), 7.02 (d x d x d, IH, J's = 8.3, 7.5,
1.0 Hz, aromatic H7), 7.41 (d x d x d, IH, J's - 8.3, 7.5, 1.0 Hz, aromatic H), 7.62 (m, 5H, H's
on pendent phenyl), 7.68-7.74 (m, 3H, aromatic H2, H., H4), 7.99, 8.02 (d x t, 1H, J's = 8.3, 1.0

Hz, aromatic Hs), and 8.89-8.92 ppm (m, 1H, aromatic HI); "C NMR (CDCI3) 6 148.45, 144.54,
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137.68, 134.88, 131.74, 130.90, 130.17, 129.99, 129.55(2), 129.10(2), 127.96, 126.76, 125.28,
124.29, 123.17, 121.36, 119.92, 114.22, 112.67 ppm.

Anal. for C,1 H,4N 2 (294.36):

Calculated: C, 85.69; H, 4.79; N, 9.52.
Found: C, 85.52; H, 4.81; N, 9.40.

C, 85.39; H, 5.03; N, 9.73.

cis- and trans-1,2-Dibromobenzocyclobutenes

A slurry of 50.0 g (118 mmoles) of a,a,a,'-tetrabromo-o-xylene and 75.0 g (500 mmoles) of
sodium iodide in 250 ml of absolute ethanol was heated to reflux over 30 min. The intense io-

dine color began to appear. After heating at reflux for 44 hr, the mixture was cooled and

poured into 1.2 liters of water containing 30 g of sodium bisulfite. The organic droplets were
extracted with 2 X 300 ml of hexane. The organic extracts were combined, washed once with
500 ml of water and dried over anhydrous magnesium sulfate. After solvent removal, the oily
residue was eluted through a silica gel column with 600 ml of hexane. The eluate was
concentrated to 100 ml and a white crystalline solid was obtained. The slurry was cooled
briefly at -78°C and filtered to obtain 24.5 g (93.5 mmoles, 79.2%) of the product: IR (KBr)
1465, 1450, 1345, 1324, 1202, 1175, 1168, 1150, 1126, 875, 757, 660, 654, 647 cm -; 1 H NMR

(CDCI3) 6 5.40, 5.52 (2 distorted s, methine protons of the cis and trans products) and 7.00-7.55
ppm (complex m, 4H, aromatic).

Continuous elution of the column with 1.2 liters of hexane yielded long needles (1.5 g),
mp 130-131*C; 'H NMR (CDCl3) 5 5.95 (s, 1H), 5.60, 6.10 (AB quartet, 2H, J = 4 Hz, vinylic),

-: and 6.90-7.45 ppm (complex m, 4H, aromatic).

Benzocyclobutene and 1-Bromobenzocyclobutene

*. The literature procedure (Reference 154) was used with minor modifications. To a solution
of 27.5 g (105 mmoles) of 1,2-dibromobenzocyclobutene and 20 g (61.4 mmoles) of tri-n-
butyltin chloride in 200 ml anhydrous tetrahydrofuran (THF) was added 2.8 g (74.1 mmoles)
of lithium aluminum hydride in small portions so that a moderate reflux condition was

maintained. After the addition, the slurry was stirred at reflux for 4 hr, cooled to ambient
temperature and transferred to a 600-ml beaker before being treated by dropwise addition
with 5 ml of water, 5 ml of 10% aqueous sodium hydroxide and 5 ml of water again. The
granular solid residue was filtered and washed with 50 ml of ether.

115



The filtrate was vacuum-transferred at 0.2 torr to a receiver cooled in liquid nitrogen. The
undistillable residual oil was unreacted tri-n-butyltin chloride and impurities. The distillate
was shaken with 1 liter of water, washed with 200 ml of saturated sodium chloride solution
and dried over magnesium sulfate. Distillation through a 15-cm Vigreux column removed the
volatiles and the residual oil was distilled via a short path apparatus. The fraction that boiled
at 140-145°C was collected. The purity was ascertained by NMR. The lower boiling earlier
cuts were combined and redistilled at 24°C/0.25 torr to yield more pure product. The
combined yield was 3.80 g (36.5 mmoles, 34.8%); 'H NMR (CDCI ) 5 3.16 (s, 4H, CH2) and 7.10
ppm (symmetrical m, 4H, aromatic).

The benzocyclobutene product obtained was mixed with 7.00 g (39.3 mmoles) of N-
bromosuccinimide in 50 ml carbon tetrachloride and 0.1 g of benzoyl peroxide. The mixture
was heated at reflux for 3.5 hr, cooled, and the succinimide by-product filtered off. The
filtrate was concentrated, washed through a column of silica gel with hexane and concentrat-
ed to a pale yellow oil. Distillation at 35-39°C/0.1 torr yielded 4.10 g (22.4 mmoles, 61.4%) of
1-bromobenzocyclobutene: IR (neat) 2930, 1457, 1205, 1178, 1162, 871, 748 cm-'; MS (70 eV)

m/e 182, 184 (molecular ions), 103 (base peak); 'H NMR (CDCI3) 5 3.26, 3.51 (d x d, 1H,
- J,m = 15 Hz, Jj, = 2 Hz), 3.72, 4.00 (d x d, 1H, jge = 15 Hz, J,,, = 5 Hz), 5.40 (dXd, J's = 2

Hz, 5 Hz) and 7.26 ppm (m, 4H, aromatic).

i Benzocyclobutenol via 1-Acetoxybenzocyclobutene

A solution of 49.0 g (357 mmoles) of anthranilic acid in 150 ml of warm vinyl acetate and
57 ml (49.7 g, 424 mmoles) of isoamyl nitrite were added concurrently over 1 hr to I liter of
refluxing vinyl acetate. Gas evolution was brisk. The mixture was heated at reflux for 1 more

hr and 1 liter of vinyl acetate was distilled. The remaining volatiles were removed on a rotary
. evaporator and the residue was dissolved in 400 ml of dichloromethane, washed three times

with 100-ml portions of water, dried over anhydrous magnesium sulfate, concentrated and
distilled at 59-62°C/0.35 torr to yield 25.2 g (155 mmoles, 43.5%) of 1-acetoxybenzocyclobu-
tene; IR (film) 3080, 2970, 1730 (intense), 1235, 1040, 745 cm-'; 'H NMR (CCI) 6 2.00 (s, 3H,
CH.), 3.12 (d x d, 1H, J's = 14 Hz, 2 Hz, CH, , H,,..), 3.60 (d x d, 1H, J's = 14 Hz, 5 Hz, CH,
H,,.,), 5.80 (d x d, 1H, J's = 5 Hz, 2 Hz, methine H) and 7.18 ppm (bs, 4H, aromatic).

A solution of 25.0 g (154 mmoles) of 1-acetoxybenzocyclobutene in 150 ml of methanol
was stirred while an aqueous solution of 40 g of sodium carbonate decahydrate was intro-

" duced. The resulting cloudy light yellow mixture was stirred at 25°C for 20 hrs and worked
up by extraction with 3 X 300 ml of ether. The combined ethereal extracts were washed with
3 X 500 ml of water, dried over anhydrous magnesium sulfate and concentrated to yield 15.0
g (125 mmoles, 81.2%) of benzocyclobutenol; mp 58-60°C; IR (KBr) 3300, 3200 (broad,
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intense), 1455, 1210, 1110, 1055 (intense), 745 cm-'; 'H NMR (CDCI,) 53.12 (bd, 1H, J's = 14

Hz, 0.5 Hz, CH I, H,,,,), 3.70 (d x d, 18, J's = 14 Hz, 4 Hz, CHc,, Hr.Jn), 5.38 (bs, 2H, methine H

and OH) and 7.42 ppm (distorted s, 4H, aromatic).

Benzocyclobutenol via 2-Bromostyrene oxide

To a solution of 37.8 g (300 mmoles) of dimethyl sulfate in 140 ml of acetonitrile was

added dropwise at 25°C a solution of 20.5 g (330 mmoles) of dimethyl sulfide in 60 ml of

acetonitrile. The colorless solution was stirred at 25°C for 17 hr and then treated in succession

with 17.8 g (330 mmoles) of soditum methoxide and 37.0 g (200 mmoles) of 2-bromobenzalde-

hyde. The final mixture was stirred for 2 hr. Dimethylsulfide and acetonitrile were distilled

off at 80°C. The concentrate was tI,.ated with 100 ml of water to allow two phases to separate.

The organic phase was isolated, washed with 100 ml of water and dried over anhydrous

magnesium sulfate. Distillation at 57-58.5°C/0.025 torr gave a colorless liquid, 32.2 g (162

mmoles, 81.0%); 'H NMR (CDCI3) 6 2.61 (d x d, 1H, J's = 6 Hz, 2 Hz), 3.18 (d x d, IH, J's = 6

* Hz, 4 Hz), 4.16 (d x d, 1H, J's = 4 Hz, 2 Hz), 7.00-7.72 ppm (m, 4H, aromatic).

A higher boiling distillate was obtained which upon standing yielded white crystals (mp

', 78-790 C), identified as 2-bromobenzyl atcohol; 'H NMR (CDCI3) 6 4.22 (t, 1H, OH, disappears

with D20 treatment), 4.70 (d, 2H, benzylic), 6.94-7.70 ppm (m, 4H, aromatic).

To a deaerated solution of 10.0 g (50.3 mmoles) of 2-bromostyrene oxide in 50 ml of

anhydrous THF at -78°C was added 400 ml of a 0.2M solution of magnesium bromide in

ether-toluene and 31.2 ml of a 1.6M solution of n-butyllithium in hexane. The mixture was

stirred at -78°C for I hr and allowed to warm to 250 C over 2 hr. After treatment with 200 ml

of saturated ammonium chloride solution and separating the phases, the organic phase was

washed with 2 x 200 ml of water, dried over anhydrous magnesium sulfate and concentrated

to a viscous oil which was purified by silica gel column chromatography: yield, 3.38 g (28.2

mmoles, 56.0%): mp 58-60°C. The IR and NMR spectra were identical to those of an authentic

sample of benzocyclobutenol.

Benzocyclobutenone

A standard chromic acid reagent solution was prepared by dissolving 100 g of sodium

dichromate dihydrate in 300 ml of water, followed by addition of 136 g of 98% sulfuric acid.

The solution was then diluted to 500 ml.

A solution of 30.0 g (250 mmoles) of benzocyclobutenol in 100 ml of ether was cooled to

00C and treated by dropwise addition of 120 ml with chilled chromic acid reagent over 5 min.

A second portion of the reagent was then added. Vigorous stirring was maintained for

*another 5 min. The upper layer was separated and the lower layer was extracted with 3 X 100

ml of ether. The combined ethereal extracts were washed with 3 X 200 ml of water, dried
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over anhydrous magnesium sulfate, concentrated and distilled at 65-680 C/1.5 torr to give
17.0 g (144 mmoles, 57.6%) of benzocyclobutenone; IR (film) 1773, 1754 (intense), 1577, 1460,
1273, 1136, 957, 755 cm'; 'H NMR (CDCI,) 6 3.90 (s, 2H, CH2) and 7.10-7.60 ppm (m, 4H,
aromatic).

Continuous distillation at 0.1 torr yielded a higher boiling fraction which solidified upon
. standing. The solid, identified as phthalide, was recrystallized from hexane: yield, 7.10 g (51.4

mmoles, 20.6%), mp 67-69*C; IR (KBr) 1765 (broad, intense), 1480, 1450, 1380, 1330, 1300,
V' 1230, 1065, 1015, 755 cm'; 'H NMR (CDCI.) 8 5.32 (s, 2H, CH) and 7.32-8.10 ppm (m, 4H,

aromatic).

l-Bromobenzocyclobutene via Benzocyclobutenol

To 73.4 g of phosphorus pentabromide in 300 ml of carbon tetrachloride at 0°C was added
V, dropwise a solution of 20.0 g (166 mmoles) of benzocyclobutenol in 300 ml of carbon

tetrachloride over 30 min. The reaction mixture was allowed to warm to 25°C over 2 hrs and
was poured into 1 liter of ice-water. The organic layer was washed with 500 ml each of

saturated sodium bicarbonate solution, 20% aqueous sodium bisulfite solution, and water.
After drying and concentrating, the residual oil was distilled at 49-53°C/0.25 torr to yield
29.5 g (161 mmoles, 97.1%) of 1-bromobenzocyclobutene. The IR and NMR spectral character-

.' istics matched with those of an authentic sample.

(3-Phenyl-2-propynylidene)benzocyclobutene

(3-Phenyl-1,2-propadienyl)triphenylphosphonium bromide was prepared by the reaction

of 3-phenylpropargyl bromide and triphenylphosphine in benzene (92% yield, mp 212'C
with decomposition). To a deaerated anhydrous solution of 4.90 g (11.0 mmoles) of the
phosphonium salt in 50 ml of tetrahydrofuran at -78°C was added dropwise 16 ml of a 1.6M
solution of n-butyllithium in hexane. After 30 min, the ylide solution was treated with 1.18 g

(10.0 mmoles) of benzocyclobutenone and was allowed to warm to 25°C over 2 hrs.
The mixture was diluted with an equal volume of ether and filtered to remove most of the

triphenylphosphine oxide formed. The filtrate was washed with 200 ml of 1 N aqueous
hydrochloric acid and 200 ml of water. After drying and solvent removal, the residual oil was

filtered through a short column of silica gel with hexane eluant. The eluate was concentrated

to yield white crystals: yield, 830 mg (3.84 mmoles, 38.4%); mp 74-75°C; IR (film) 2040 (weak),
1590, 1495, 1440 (intense), 1190, 1170, 750, 720, 690 cm-'; 'H NMR (CDC 3) 6 3.72 (distorted d,
2H, J - 1 Hz, CH2), 5.86 (t, IH, J - 1 Hz, vinyl H), 7.14 (s, 5H, C=CPh) and 7.00-7.60 ppm

(m,4H, aromatic).
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(2-Bromobenzylidene)benzocyclobutene

(2-Bromobenzyl)triphenylphosphonium bromide was prepared by heating a mixture of
- . 25.0 g (100 mmoles) of 2-bromobenzyl bromide and 26.2 g (100 mmoles) of triphenylphos-

phine in 300 ml of anhydrous toluene at 100°C for 18 hr. The phosphonium salt was filtered
off, washed with ether and dried to a constant weight of 50.8 g (99.2 mmoles, 99.2%); 'H NMR
(CDCI.) 5 5.46 (d, 2H, J 14 Hz, CH 2P), and 7.00-8.10 ppm (m, 19H, aromatic).

Anal. for C23 H2, Br2 P (512.24):

Calculated: C, 58.61; H, 4.13; Br, 31.20; P, 6.05.
Found: C, 58.54; H, 4.19; Br, 30.97; P, 5.90.

A slurry of 21.49 g (41.96 mmoles) of the phosphonium salt in 200 ml of deaerated
anhydrous tetrahydrofuran (THF) was cooled to -78*C and treated with 29 ml of a 1.6 M
hexane solution of n-butyllithium. The ylide obtained was dark red. The mixture was warmed
to 25°C over 30 min, cooled again to -78°C and treated with 4.614 g (39.10 mmoles) of
benzocyclobutenone. The mixture was warmed to 25°C over 1 hr and stirred at 25°C for
18 hr. The solids were filtered off and the filtrate was diluted with 500 ml of 10% aqueous hy-
drochloric acid and extracted with 3 X 200 ml of ether. The organic extracts were combined,
dried and concentrated to an oil. Silica gel column chromatography, eluting with hexane,
yielded a solid which was recrystallized from cold hexane to give 1.187 g (4.380 mmoles,
11.2%) of probably the E-isomer: mp 79-80"C; IR (KBr) 3090, 1675 (intense), 1600, 1480
(intense), 1445, 1350, 1185, 1030 (intense), 875, 750 (broad intense); 'H NMR (CDC1 ) 6 3.80
(distorted s, 2H, CH 2) and 6.78-7.60 ppm (m, 9H, aromatic and vinylic).

Anal. for C, H,, Br (271.16):

Calculated: C, 66.44; H, 4.09; Br, 29.47.
Found: C, 66.46; H, 4.77; Br, 29.25.

Subsequent elution of the column with 2: 3 dichloromethane-hexane yielded 0.872 g of a
mixture of the E,Z-isomers. The total yield of the E,Z-isomer mixture was 19.4%.

(2-Phenylethynylbenzylidene)benzocyclobutene. From 1-Bromobenzocyclobutene.

(Benzocyclobutenyl)triphenylphosphonium bromide was prepared by melting 6.014 g
(22.95 mmoles) of triphenylphosphine inside a flame dried, argon-purged reaction flask and
then treating the melt with 1.929 g (10.54 mmoles) of l-bromobenzocyclobutene. Immediately
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an orange yellow precipitate was formed. The mixture was heated at 140°C under argon for
16 hrs, cooled to 250C, mixed with 100 ml of ether, stirred for 5 min and then filtered to af-
ford 3.602 g (8.09 mmoles, 76.8%) of tan-colored powdery product.

To a suspension of 3.536 g (7.946 mmoles) of the phosphonium bromide in 100 ml of
anhydrous tetrahydrofuran under argon at -78 0 C was added 5.5 ml of a 1.6 M solution of
n-butyllithium in hexane. The bright orange solution was stirred and warmed to 25°C over

* 30 min, cooled back down to -78'C and treated with a solution of 1.555 g (7.549 mmoles) of
" 2-(phenylethynyl)benzaldehyde in 20 ml of anhydrous tetrahydrofuran. The mixture was

warmed to 25°C over 1 hr, stirred at 25°C for 16 hr, diluted with an equal volume of ether
and filtered. The filtrate was concentrated to a syrupy residue, redissolved in ether, extracted
with 2 X 100 ml of water, dried over magnesium sulfate and concentrated. Silica gel column
chromatography eluting with 1: 3 dichloromethane-hexane eventually yielded 1.00 g (3.42
mmoles, 43.1%) of product: IR (KBr) 2040, 1590, 1495, 1170, 750 cm-'; MS (70 eV) m/e 292
(molecular ion); 'H NMR (CDCl:) 6 3.76, 3.92 (two s, 2H, CH2), 6.82 (bs, IH, vinylic H) and
7.00-8.10 ppm (m, 13H, aromatic).

Benzocyclobutene-l-carboxylic Acid, Benzocyclobutene-l-carbonyl chloride and N-(2-
Benzzoclobutene-l-carboxamide

The magnesium turnings (0.796 g, 32.73 mmoles) were covered with 10 ml of anhydrous
tetrahydrofuran (THF) under argon and treated with dropwise addition of a solution of
4.955 g (27.08 mmoles) of 1-bromobenzocyclobutene in 40 ml of anhydrous THF. The super-

.. natant liquid turned brown and the reaction flask was warmed to touch. After the addition,
the reaction mixture was heated at reflux for 10 min, cooled and treated with 5 g of
pulverized Dry Ice. After the system returned to 25°C, the mixture was mixed with 100 ml of
10% aqueous hydrochloric acid and extracted with 3 X 75 ml of ether. The combined ethereal
fractions were dried over magnesium sulfate and concentrated to an oil. The crude yield was
2.679 g (18.10 mmoles, 66.84%). The NMR spectrum was consistent with the structure of the
acid: 'H NMR (CDCI1) 6 3.44 (d, 2H, J = 4 Hz, CH2), 4.26 (t, 1H, J = 4 Hz, CH), 7.20 (distorted

s, 4H, aromatic), and 11.92 ppm (s, 1H, CO2H).
The crude acid was used without purification. It was mixed under argon with 2 ml of

freshly distilled thionyl chloride and heated at reflux for 30 min. The volatiles were evaporat-
ed to leave 2.940 g (17.70 mmoles, 97.6%) of a mobile liquid; IR (neat) carbonyl at 1800 cm -;
'H NMR (CDCI:j) 6 3.50 (d, 2H, J = 4 Hz, CH2), 4.62 (t, 1H, J = 4 Hz, CH) and 7.24 ppm (m,
4H, aromatic).

The acid chloride was added to a vigorously stirred mixture of 3.368 g (17.45 mmoles) of 2-
aminotolane, 20 ml of benzene and 100 ml of water at 80-90°C. After 0.5 hr, the mixture was
treated with 50 ml of 10% sodium hydroxide solution. The organic fraction after drying
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yielded a white powdery solid, 4.52 g (14.0 mmoles, 80.2%); mp 115°C; IR (KBr) 3380, 3300,
1695 (intense), 1665 (intense), 1580 (intense), 1520 (intense, broad), 1445, 1305, 1180,

- 750 cm - '; 'H NMR (CDCI:,) 6 3.56 (distorted dXd, 2H, CH2), 4.44 (distorted dXd, 1H,
- methine), 6.70-7.50 (m, 8H, aromatic), 7.40 (s, 5H, C-C-Ph) and 8.40 ppm (broad absorption,

IH, NH).

, Attempted Oxidative Addition of Bromobenzocyclobutene with Tetrakis-
.. (triphenylphosphine)palladium[O]

Tetrakis(triphenylphosphine)palladium[0 was synthesized by a standard procedure (Ref-
erence 119). The bright yellow complex was air sensitive and was kept under argon in a Dry

Box until used.
A yellow orange solution of 10.0 g (8.67 mmoles) of the palladium[O) complex in 75 ml of

" carbon monoxide-saturated benzene was treated with dropwise addition of a solution of

2.50 g (13.7 mmoles) of 1-bromobenzocyclobutene in 25 ml deaerated benzene under carbon
monoxide at 25°C. The mixture was stirred at 250C for 16 hr and then diluted with an equal
volume of ether. The yellow solid was removed by filtration under argon. IR of the solid
showed no metal-carbonyl absorption characteristic of an acylpalladium[lI] complex. The
solid also appeared to be sensitive to air as evident by the rapid darkening of color upon
standing.

The filtrate was concentrated to a solid residue. After washing with hexane, the white
solid weighed 4.57 g. IR showed that it was triphenylphosphine, mp 780 C. This corresponded
to a quantitative recovery of the two dissociated phosphine ligands. On this basis, the yellow

palladium complex obtained probably was Pd(PPh) 2.
The hexane washing yielded an oil after solvent removal. Its identity as 1-bromobenzocy-

clobutene was ascertained by NMR spectrometry.

Thermal Intramolecular Cyclization Reaction of N-(2-Phenylethynyl)phenyl Benzocyclo-
butene-1- carboxamide

N-(2-Phenylethynyl)phenyl benzocyclobutene-l-carboxamide (518 mg)) was heated under
argon at 225 ± 5*C for 2 hr, cooled to 25*C and triturated with ether. The solution yielded no
precipitate and was concentrated. The residual oil was mixed with carbon tetrachloride and a

pale yellow microcrystalline solid was obtained. Thin-layer chromatography indicated com-
plete absence of the starting material. Column chromatography through silica gel yielded a

* white microcrystalline solid in the dichloromethane eluate. The white solid remained white

up to 240°C and gradually turned yellow. Near 300°C, it turned brown but did not melt even
at 315°C; IR (KBr) 3450 (broad), 1650 (broad, intense), 1100 (broad), 755 cm-; MS (70 eV) m/e
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at 323 (molecular ion), 246, 228, 217; 'H NMR (CDCI3) S 3.14-3.45 (distorted doublets, 2H,
CH), 4.69 (distorted d, IH, methine), 7.06 (s, 5H, pendant Ph), 6.45-7.80 (complex m, ca. 8H,
aromatic) and 9.00 ppm (distorted d, 1H, NH).

Anal. for C23 H17 NO (323.40):

Calculated: C, 85.42; H, 6.20; N, 5.07.
Found: C, 85.90; H, 6.63; N, 4.15.

1,2-Bis(1-hydroxy-3-phenyl-2-propynyl)benzene and Subsequent Oxidation

- Into a flame dried, argon purged reaction flask were placed 36.2 g (1.49 moles) of
magnesium turnings and 200 ml of anhydrous tetrahydrofuran (THF). A 100-ml solution of
158 g of ethyl bromide in THF was added dropwise so that a controlled vigorous reflux was
maintained. After the addition, the mixture was allowed to reflux for 30 more min before
introducing a solution of 146 g (1.43 moles) of phenylacetylene in 150 ml of THF. The

mixture was then heated at reflux for 1 more hr and allowed to react with 25.0 g (187 mmoles)
of phthalic dialdehyde, added dropwise as a 150 ml THF solution. The final mixture was
again heated at reflux for 1 hr, cooled, diluted with 500 ml of ether, and then hydrolyzed
with 250 ml of saturated ammomium chloride solution. The organic phase was separated,
washed with 250 ml each of IN hydrochloric acid, water, saturated sodium bicarbonate and
then water again. After drying and removal of solvent, an oily residue was obtained. IR

. showed the expected OH absorptions, a weak sharp band at 2220 cm - 1 and no aldehyde
* absorptions which could indicate starting material.

The oil was used without purification. To a solution of 51.0 g of the crude oil obtained
above in 300 ml of ether at 0°C was added 300 ml of a 0.67 M aqueous chromic acid solution.
The mixture was vigorously stirred for 20 min before work-up. The ethereal phase was

- washed with water, with 4 X 300 ml of saturated sodium bicarbonate solution and then with
4 X 300 ml of water again. After drying and solvent removal, an orange-yellow powdery
solid was obtained and was recrystallized two times from benzene-ethanol: mp 283°C; IR
(KBr) 1670 (intense), 1620, 1600, 1585, 1500, 1415, 1390, 1340, 1275 (intense), 985 cm-'.

1-(2-Phenylethynyl)phenyl-3-phenylpropynol and 1-(2-Phenylethynyl)phenyl-

3-phenylpropynone

Magnesium turnings (1.973 g, 81.13 mmoles) were covered with 10 ml of anhydrous
tetrahydrofuran (THF) and treated with dropwise addition of 8.785 g (80.60 mmoles) of ethyl
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bromide in 35 ml of THF. The reaction rapidly started and a vigorous reflux was maintained
throughout the addition. After 30 min, the mixture was cooled and treated with 8.192 g (80.31
mmoles) of phenylacetylene in 30 ml of THF. The mixture was then heated again at reflux for
30 min, and treated with dropwise addition of 5.172 g (25.11 mmoles) of 2-(phenylethynyl)
benzaldehyde in 30 ml of THF. The final mixture was heated at reflux for 2 hr, cooled,
treated with I liter of saturated ammonium chloride solution and extracted with 4 X 200 ml
of ether. The ethereal extracts were combined, dried and concentrated to a yellow oil which
was dissolved in 500 ml of carbon tetrachloride and concentrated. The excess phenylacetylene
was removed by this treatment. The residual oil was then stirred with 300 ml of hexane. Upon
standing overnight, the carbinol separated out as voluminous white flakes: yield, 3.50 g (11.6
mmoles, 46.3%); mp 73°C; IR (KBr) showed the expected OH absorption at 3600-3100 cm --I
and a weak 2210 cm-' band; NMR (CDCI3) 6 2.92 (broad d, 1H, OH), 6.20 (broad, d, 1H,
methine), 7.16-8.16 ppm (m, 14H, aromatic).

The carbinol was dissolved in 200 ml of ether, cooled to 00 C and treated with 16 ml of a
0.67 M aqueous chromic acid solution. The dark brown mixture was stirred for 1.5 hr at 200C
and diluted with 200 ml of water. The aqueous phase was extracted with 2 X 200 ml of ether.
The combined ethereal extracts were washed with 500 ml of saturated sodium bicarbonate
solution and then with 3 X 200 ml of water. The ethereal solution now yellow was dried and
concentrated. IR (neat) showed intense absorptions at 2200 and 1645 cm-', and the complete
absence of the starting material. The oil was purified by silica gel column chromatography,
eluting with 1: 2 dichloromethane-hexane.

Thermal Intramolecular Cyclization Reaction of 1-(2-Phenylethynyl)phenyl-3-
phenylpropynone. Synthesis of 10-Phenyl-IIH-benzo[b]fluoren-1I-one and its
5-Phenyl Isomer

1-(2-Phenylethynyl)phenyl-3-phenylpropynone obtained from the previous experiment
was heated without a solvent at 150 ± 5°C under argon for 4 hr. The oil turned dark brown
and solidified. Thin-layer chromatography on silica gel plate indicated complete disappear-
ance of starting material. The crude solid was purified by silica gel column chromatography.
The 1:2 dichloromethane-hexane eluant separated the major component. Removal of the
solvent afforded orange yellow needles which were recrystallized from toluene to yield, in 2
crops, 1.754 g (5.732 mmoles, 49.4% overall from the carbinol); mp 217-218°C; IR (KBr)
showed an intense peak at 1705 cm-'; NMR (CDCI3) 6 7.00-7.88 (m) and 7.92 (s), characteristic
of I0-phenyl-11H-benzobIfluoren-II-one (Reference 176).
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Anal. for C., H,4 0 (306.36):

Calculated: C, 90.17; H, 4.61.
Found: C, 90.22; H, 4.68.

The mother liquor after yielding the desired product was concentrated and recrystallized
from ethanol. The yellow powdery solid had an NMR different from lO-phenyl-I IH-benzo-
(bifluoren-ll-one but matching that of the 5-phenyl isomer.

General Procedure for Polyisoimide Synthesis (TFAA method)

All glassware needed for the polymerization experiment were dried for several hours at
1000 C. The monomers for the reaction, i.e., 2,2-bis(3,4-dicarboxyphenyl)hexafluoropropane-
dianhydride (6FDA) and 4,4'-oxydianiline (ODA) were dried at 100°C/0.1 toff for 24 hours.
The precise amount of 6FDA (6.441 g) was weighed out and transferred to a dried addition
pouch. To a dried reaction vessel was placed 2.000 g of ODA and a magnetic stirring bar. The
materials and glassware were dried at 100°C/0.1 torr for an additional 24 hours and were
assembled while hot under argon. To the ODA powder was added 20 ml of anhydrous
tetrahydrofuran (THF). At reflux, the solids dissolved completely and the 6FDA solid was
added from the addition pouch in small portions. As the addition progressed, the solution
became viscous. After complete addition and an additional 15 minutes, the viscous solution
was diluted to 175 ml with anhydrous THF.

Under argon at 0°C, the solution was treated with dropwise addition of 3 ml of trifluoroa-
cetor anhydride. The bulk solution immediately turned yellow. The solution was stirred at
0°C for 5 min then at 25*C for 2 hours, and then poured into I liter of saturated sodium bicar-
bonate to precipitate a yellow solid which was filtered, dried at 70°C/0.I torr for 4 hours and
reconstituted in 250 ml of fresh anhydrous THF. The yellow solution was poured into 1 liter
of vigorously stirred hexane. The stringy yellow precipitate was filtered, pulverized under
argon and dried at 90°C/0.I toff for 8 hours.

General Synthesis of Poly (6FDA-ODA) isoimide in Tetrahydrofuran (DCC method)

6FDA was recrystallized twice from acetic anhydride and dried at 100°C/0.1 tor for 72 hr.
ODA was sublimed twice at 180 0C/0.005 torr.

Into a 125-ml addition pouch was placed 22.215g (50.034 mmoles) of 6FDA and into a 250-
ml three-neck reaction vessel containing a stirbar was placed 10.000g (50.000 mmoles) of
ODA. The glassware and reactants were dried at 100°C/0.1 torr for 16 hr. and assembled
under argon while hot. The assembly was cooled to 250C. Into the reaction vessel was
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introduced 150 ml of freshly distilled (from calcium hydride) tetrahydrofuran (THF). Brief
warming of the slurry facilitated solubilization of the ODA particles in THF. The pale yellow
solution was treated with the powdered 6FDA added in small portions from the addition
pouch. After each partial addition, the mixture was vigorously stirred until all particles
dissolved before adding a new portion. A slight exotherm was detected as the reaction
progressed. The complete addition required 45 min. The viscosity of the light yellow solution

* rose markedly. Toward the end of the addition, stirring was no longer possible. The viscous
. solution was moved around over the interior surface area in order to pick up the trace

quantity of powder adhering to the glass surface. The transparent viscous solution (21.48%
solid content was warmed at 60'C for 30 min and cooled to 25*C.

To a 3-liter three-neck flask equipped with a mechanical stirrer and a gas inlet fitting for
argon was added 500 ml of freshly distilled THF. The viscous polymer solution (almost like a
gel) was transferred in with the aid of a spatula. Upon stirring the pieces of the gel slowly en-
ter into solution. The small amount of the viscous polymer solution still adhered to the
reaction vessel was diluted with 50 ml of anhydrous THF and slowly added (with a pipette) to
a 500 ml volume of vigorously stirred hexane. White strings of polymer readily formed. They
were dried under a slow stream of argon. Yield, 3.313g.

A small batch of this white stringy polymer was further dried at 100°C/0.1 torr for 24 hr
before viscosity measurement. The inherent viscosity was determined to be 1.35 (THF,
30.0-C).

The 3-liter reaction flask containing the 500-ml THF solution of the polymer (28.902g) was
treated with another 700 ml of THF and then with 12.005g (58.277 mmoles) of N,N'-
dicyclohexylcarbodiimide (DCC) which was added dropwise as a 100-ml THF solution. After
10 ml of the DCC solution was added, the bright yellow solution turned into a gelatinous
mass. More THF was added to dissolve the gel. A total final volume of 2 liters was attained.
The rest of the DCC solution was then added over 5 min. Dicyclohexylurea began to

precipitate and the mixture was stirred at 250C under argon for 24 hr. Another portion of
DCC (12.002g) was added and stirring was continued at 25*C for another 24 hrs.

The white solid was filterd using a porcelain Bichner funnel and Whatman Number 3
Filter paper, and rinsed with anhydrous THF. The bright yellow filtrate was concentrated to
500 ml and slowly poured into 2.5 liters of vigourously stirred hexane. Long strings of the
bright yellow polyisoimide polymer were obtained and dried thoroughly.

The crude polymer was reconstituted in 300 ml of anhydrous THF under argon. The
solution was transferred to an addition funnel and added dropwise but rapidly to a vigorous-
ly stirred 1-liter volume of hexane. The precipitated polymer was isolated and dried at 90*C/
0.1 torr for 2 days.

Differential Scanning Calorimetry (DSC) of high molecular weight polyisoimides in
general exhibit a mild and broad exotherm maximizing at 290°C.
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Purification of N-Isopropyl-2-pyrrolidinone

A 1-liter quantity of crude N-isopropyl-2-pyrrolidinone (GAF Corporation) was mixed
with 200 ml of benzene and the mixture was heated to effect azeotropic distillation of water.
At the end of the distillation period, the condensate around the condenser cold finger
appeared clear. The benzene was then distilled off. As the temperature of the condensate at
the distilling head rose to 120°C, the distillation was terminated and the distilling flask was
cooled prior to a second distillation under reduced pressure. Approximately 800 ml of
distillate was collected at 95-98°C/ 10 torr and stored under argon in a brown bottle until use.

Synthesis of Poly(6FDA-ODA) isoimide in N-lsopropyl-2-pyrrolidinone (DCC method)

6FDA was recrystallized three times from acetic anhydride and dried for 48-72 hr. at
100°C/0.1 tort. 4,4'-Oxydianiline was sublimed twice at ca. 180°C/0.55 tort and was obtained
as a crystalline and lustrous white solid. Both monomers were kept under argon inside a
desiccator until use.

6FDA (22.215g, 50.035 mmoles) was weighed out and transferred to a 125-ml addition
pouch. ODA (10.005g, 50.025 mmoles) was weighed out and placed inside a 250-ml three-
necked reaction vessel containing a magnetic stirbar. All glassware and materials were
further dried at 100°C/0.1 torr for 60 hr and assembled under argon while hot. The assembly
was cooled to 25°C. Into the reaction vessel was introduced exactly 120 ml of freshly distilled
N-isopropyl-2-pyrrolidone (NIP). ODA entered in solution upon stirring at 25*C for 15 min,
giving a yellow orange solution. 6FDA was then added to the solution by the pinchful. The
mixture was warmed to 70-75*C using a water bath as the external souce, so that the added
6FDA entered in solution more readily. After each partial addition, the mixture was vigorous-
ly stirred until all particles dissolved before adding a new portion. It was evident that the vis-
cosity of the orange brown solution rose markedly. Toward the end of the addition (1 hr), the
stirring was difficult even at 70-750 C. The viscous solution was moved around over the
interior surface area in order to pick up the trace quantity of powder adhering to the glass
surface. The transparent viscous solution 26.85% solid content was stirred and warmed at 70-
75°C for an additional 2 hr. To prepare a solution for viscosity measurement, a 0.8-ml aliquot
of this solution was transferred to a 25-mI volumetric flask and diluted to the mark with NIP.

To a 3-liter three-neck flask equipped with a mechanical stirrer and a gas-inlet fitting for
argon was added 500 ml of tetrahydrofuran (freshly distilled from calcium hydride). The
viscous polymer solution was then allowed to drip in. Stirring effected thorough mixing. The
small amount of the viscous solution still adhered to the flask was diluted with 50 ml of
anhydrous THF and poured slowly into 400 ml of anhydrous dichloromethane. The turbid
mixture was further treated with 400 ml of Spectroquality hexane to precipitate a white solid
which was isolated by filtration and drying under a slow stream of argon.
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A small batch of this white powdery solid was further dried at 100°C/0.1 torr for 4 hr be-

fore viscosity measurement. The inherent viscosity measured in NIP and at 30.0*C was 0.33.

The 3-liter reaction flask containing the 500-ml THF solution of the polymer was treated

with 12.08lg (58.646 mmoles) of N,N'-dicyclohexylcarbodiimide (DCC). The volume of the

final mixture was made up to 1500 ml with anhydrous THF. After stirring at 25°C for 15 min.,

the solution became turbid and dicyclohexylurea (DCU) began to precipitate. The mixture

was stirred at 25°C under argon for 24 hr, treated with a fresh portion (12.215g, 59.296

mmoles) of DCC, stirred for another 40 hr, and filtered to remove DCU.
The filtrate was concentrated to 500 ml final volume, diluted with 500 ml of dichloro-

methane, and poured into 1.5 liters of vigorously stirred hexane. The stringy yellow precipi-

tate was filtered, pulverized under argon and dried at 90*C/0.1 torr for 24 hr.
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SECTION IV

CONCLUSIONS

A variety of novel methods for an efficient synthesis of the IMC curable monomer, 2,2'-bis
(phenylethynyl)-4,41,5,5'-tetraaminobiphenyl, was explored without success. A convenient
organolithium route was found for the preparation of another IMC curable monomer, 2,2'-
bis(phenylethynyl)-5,5'-diaminobiphenyl. During the synthetic study, it was further estab-

lished that palladium-catalyzed phenylethynylation of 2,2'-dihalo-5,5'-dinitrobiphenyl did
not yield the expected 2,2'-bis(phenylethynyl)-5,5'-dinitrobiphenyl. The palladium catalysis
approach in synthesis is attractive but should be applied with discretion.

A few categories of model compounds with potential IMC reactions were prepared and
characterized by thermal analysis. Reaction parameters for the synthesis of high molecular
weight polyisoimides were studied. The isoimide polymers synthesized were used for study

of the thermal isoimide-to-imide rearrangement as an IMC-type reaction.

q
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